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The fifth Short Course in Coal Utilization held at the 
University of Illinois was offered by the College of Engi-
neering through the Department of Mining and Metallur-
gical Engineering. 
The purpose of the Short Course was to present an edu-
cational program of technical and practical information 
pertaining to coal and its efficient utilization for the· benefit 
of those engaged in mining, preparing, marketing and using 
coal, as well as for those manufacturing and distributing 
machinery for the preparation and utilization of coal. 
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I. THE FUNDAMENTALS OF MAHKETING 
PAUL D. CoNVJ<msE* 
Business is divided into production and marketing. Marketing 
has to do with getting goods and services from the producers into 
the hands of the consumers. During the past century marketing 
has become of ever increasing importance. The use of machinery 
has increased output, lowered costs as measured in the number of 
man-hours required, and concentrated production geographically, so 
that goods must be transported greater distances. Marketing has 
been unable to make as much use of machinery as has production. 
Machinery is used in the physical handling of goods and through 
magazines, newspapers, and radio we have mcarn; of mass advertising, 
but by and large buying and selling remain a man-to-man or "hand 
operation." The consumer must pay for marketing in the price of 
the goods and services which he buys. If marketing costs can be 
reduced, prices can be reduced to the consumer, his standard of 
living can be raised, and the demand for goodR increased. Improve-
ments have been made in the field of marketing. Machinery is mied 
in the transportation and storing of goods; the motor truck has 
shortened trade channels in many instances; large integrated mar-
keting organizations, such as chain stores, reduce wholesaling expense; 
and self-serve-super-markets reduce the labor required in retailing. 
Some of these advances arc extremely important; yet the general 
opinion is that improvements have not been made as rapidly in 
marketing as in production. Perhaps they cannot be owing to the 
necessity of individual selection of goods by the consumers, which 
necessitates small-scale salesmanship by the sellern. 
There are several phases of marketing which receive attention 
from the student. Broadly these arc (1) the methods and practices 
used in the process of marketing various commodities; (2) methods 
of promoting sales by salesmanship, advertising, premiums, etc.; 
(3) research to secure facts upon which to base policies of market 
management and practices in sales promotion; and (4) market 
organization and economies which deals critically with the problems 
of market organization and operation as a part of the economic 
system. Market economics deals with the efficiency with which the 
marketing system operates; with supply, prices, competition, con-
*Proff'ssor of Businc>ss Organization and Operation, lT11ivf'rsity of Illinois, Urbana, Illinois. 
7 
8 ILLI:-;OIS J·;:-;orxmmrxo EXPEHL\IENT STATIOX 
sumpt\,011, r,lasticity of demand, and tlw way our business system 
functions to supply human wants. 
Today, tlw most fundamental part of marketing is that which 
deals with our basic r,conomic system. 'Ve are debating ttti never 
beforr whether we should restore our competitive-profit system, or 
whether we should continue toward a controlled and managed system 
which is almost certain to lead to a system of detailed government 
control, if not to a system of government operation of our basic 
industriPs. It makes no difference by what name we call it. "\Ve 
may call it "planned economy." 'Ve won't call it Fascism or Nazism. 
The basic factor in marketing is price. Under a free economic 
system, price is the regulator, the governor, and the balance wheel. 
If the system is to function, price must be left to move freely to 
adjust supply and demand. Fixing and controlling price is like 
bolting down the safety valve on the boiler and removing the balance 
wheel from the engine. The function of price is so simple that we 
overlook it. If there is a shortage of an article, the price rises. 
This stimulates producers to increase their output, and induces new 
producers to enter the field. It also reduces demand. The increased 
supply and decreased demand bring in a new situation, and eventu-
ally a new balance is established. If there is a surplus of an article, 
price drops. This 8timulates consumption and forces some producers 
out of the market. 
Instead of allowing prices to function to regulate supply and 
demand, let U8 8Uppose that price is arbitrarily set by a government 
agency or by a group of sellers. The price fixers naturally try to 
raise (or lower) prices. If they didn't there would be no reason for 
fixing priceR. Now if prices arc raised, they cannot be maintained 
unless the agency or group can control supply, or demand, or both. 
It may be that in Russia or Germany they can tell the people what to 
consume, but in a democracy the only hope of maintaining artifically 
high prices is to control supply. According to one book on the subject 
government price-fixing schemes arc divided into two classes; those 
that have failed and thoRe that will fail. This calls attention to the 
difficulty of controlling RUpply. If the price is raised so that the 
production of a product is profitable, new producers enter the field 
if this iR poRRiblc, and old producers increase their output. The 
attempts to control the prices of coffee, rubber, cotton, wheat, 
tobacco, milk, and cocoa by government action in various countries 
do not present a very flattering picture of government success. 
In industries where a few cornpanieR control the raw materials, or 
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where large capital outlays arc necessary, price control has a better 
chance of working, but even here it has its difficulties. 
For example, all of the anthracite coal is located in an area of a 
few hundred square miles, and is controlled by a few companies. 
Labor was organized and had a monopoly. When it would strike 
or threaten to strike, the employers would usually raise wages as it 
seemed easy to pass along the cost to the consumers. But in the 
early 1920's they refused to do this, and the men tied up the mines 
for months. ~What happened is history. Substitute fuels, oil, gas, 
and bituminous coal, took a large part of the market. The story 
of the bootlegging that followed is well known. The men were out 
of work, and so stole coal from the owners through dangerous surface 
pits and sold it to truckers who bootlegged it on the market. The 
men made less money and assumed greater risks than they would 
have done at a scale of wages that would have enabled the operators 
to hold their market. But this is a result of "monopoly psychology." 
The railroads in 1920 employed over two million men. They 
had a monopoly of all but local transportation, or thought they had. 
The brotherhoods had a monopoly of certain types of labor. Seniority 
was the rule in railroad management. Men did not reach responsible 
positions until they were imbued with railroad red tape. Between 
the government on one side and the unions on the other, the managers 
could do little. The result, constant gnawing away of their business 
by automobiles, buses, trucks, pipe lines, and high tension electric 
lines, so that today the railroads employ less than a million men. 
The United States Steel Corporation heads an industry that is 
hard to enter because of the large investment required. Big Steel 
thought the industry needed stable prices and so established this 
policy. It set the prices for the industry and, according to common 
report, shaded its prices less than competitors. This was known as 
"holding an umbrella" over the industry. When U.S. Steel was 
formed in 1901, it had some 60 per cent of the steel business. During 
the depression it was reported to have about one-third of the business, 
and today it is reported to have 37 per cent of the industry's capacity. 
It is now reported that Big Steel will meet price cuts of competitors. 
Apparently its policy of stable prices helped the smaller companies 
more than it did the Steel Corporation. 
Monopoly breeds a certain type of psychology. Someone tells 
the story of an executive in the ice industry who years ago bought an 
electric refrigerator for his home. Tony, the ice man, was so in-
sulting that his wife refused to put up with him. When he tried to 
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buy lCe from another seller, he could not, for he was in Tony's 
territory and no one else would sell him. Tony had monopoly 
psychology. People had to buy from him and if they didn't like it 
they could lump it. 
Now most business men will admit that monopoly is bad. They 
believe in competition-for the other fellow-but "my business is 
different." How many times we have heard business men get up 
and say that there were too many laws, and yet before they sat down 
they advocated one or two more laws for their particular industries. 
I have just received a letter from an economist who is a specialist 
on milk marketing. He says he believes in laissez faire and competi-
tion except for certain industries that are naturally monopolies like 
railroads and public utilities. But he goes on to say that he believes 
the milk industry comes in the class of industries that should be 
monopolies. To me it seems there is little more reason why the 
milk industry should be a monopoly than that the wheat industry, 
the grocery industry, or any other industry that is easy to enter 
should be. The State of Illinois recently appointed a commission 
to look into the state regulation of milk marketing in other states. 
According to the papers this commission found that the state milk 
boards and their regulation had not helped the milk-producing 
farmers, and had injured other farmers and the consumers. The 
facts seem to agree with well-known economic theory, and are just 
what we would have expected. The farmers' cooperatives, and later 
the state milk boards, raised the price. This stimulated production, 
so that the price fell. Prices cannot be raised on manufacturing 
milk, so the price was raised on Class I, or milk for the fluid market. 
This raised the blended or average price, and the farmers again 
increased the supply. It also tended to reduce consumption, so less 
milk could be sold to the fluid market. In other words no matter 
how much they raised the fluid price, the farmers increased their 
production to bring the blended price back to cost of production. 
The result-the milk producers were not receiving any higher price, 
the consumers were paying a higher price, and the farmers in the 
fluid market areas had increased their production of milk used for 
manufacturing use which forced down the price of butter, and injured 
the farmers in other areas. 
Who is it that has been clamoring for regulation? By and large 
it is the business men, and to a lesser extent the labor leaders. I 
talked recently with a man in the air transport business and he said 
they had a lobby in Washington working for a new commission to 
regulate the industry. It was business men who spread the idea 
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that the anti-trust laws should be liberalized and who sponsored the 
N.R.A. It was business men, largely retail druggists, who have 
sponsored the resale price maintenance laws. It was business men 
and farmers who had commissions set up in one-third of our states 
to regulate and raise the price of milk. It was said that business 
men were largely responsible for the Robinson-Patman amendment. 
It is business men who arc sponsoring the unfair practices acts. It 
was business men and labor leaders who sponsored the Guffey coal 
act to set the price of bituminous coal. 
In sponsoring such laws business men seem to feel that they arc 
going to be allowed to exercise the control. History does not support 
this view. All of the public service commissions are not controlled 
by the public utilities. Many people feel that the consumers will 
eventually get control of these bodies. Some feel that government 
regulation is but a step toward eventual government operation. In 
setting prices, all parties cannot be suited. Those who think they 
are discriminated against complain. In order to make price control 
work. it has been said that it is necessary to shut off criticism. This 
means stopping freedom of speech. It has been said that one reason 
for the control of press and speech in totalitarian states is to effectively 
shut off criticism from those whose business is injured. That is, 
industry and commerce must conform and "like it." If they can't 
like it, they must keep quiet. 
One difficulty in fixing prices is that when one price is fixed it 
affects many other prices. Let us suppose that the price of butter 
were fixed at 50 cents a pound and also that none was sold any 
cheaper. Obviously this would affect the demand for margarines, 
and this would affect the price of cocoanut oil, soybeans, cottonseed 
oil, and animal fats. It might affect the cost of making soaps. There 
would be less butter consumed. The farmers who lost their market 
for butterfat might sell their milk to cheese factories, thus affecting 
the price of cheese, some might be sold to milk condcnscries, thus 
increasing the competition with fluid milk. Some might be fed to 
hogs, increasing-the production of pork. There would be many other 
effects that we do not think of immediately. Is any commission or 
committee wise enough to foresee all the ramifications that will 
result from changing the price of an important product? 
The Interstate Commerce Commission is the oldest of our price 
fixing boards. An economist spent several years in studying its 
operations and wrote a report of hundreds of pages saying that the 
Commission had been a success. Yet you can read the stock market 
report in your daily paper and in fifteen minutes find that a dozen or 
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less of the leading railroads of the country are paying dividend<'. 
This is like saying, "the operation was a success but the patient 
died." Under the regulation of the Interstate Commerce Commis-
sion, a monopoly psychology, and the feeling that if expenses in-
creased they could always ask for an increase in prices, the railroads 
have been unable to hold their own against newer competitors. 
Apparently there are only two ways out: either the bond holders 
will lose all or most of their investment through successive reorgani-
zations, or the government will take over their operation. 
I was asked to speak on fundamentals in marketing and not 
upon marketing coal. It seems to me that the most fundamental 
problem facing us now is the decision as to whether we want to 
restore the competitive-profit system, or whether we want to con-
tinue toward a system of planned and controlled economy. It is 
not too late to restore the competitive-profit system, but to do it 1 
we must stop the pressure groups advocating this and that control 
measure, and we must repeal some of the controls we have, we must 
stop price fixing, and must break up monopoly. To do this we must 
sell the business man on the idea of a competitive system and the 
desirability of free and flexible prices. 
As far as the coal industry is concerned, it looks to an outsider 
that there are only two ways out: fewer mines or increased consump-
tion. The industry has been unable to concentrate production at a 
smaller number of mines so that these mines could maintain steady 
operation, and so reduce their costs and place coal in a better com-
petitive position. It rather looks as if government ownership would 
be necessary to accomplish this. The other way out is to increase 
consumption by finding new uses. In other words, the coal industry 
should stop thinking of coal as a fuel and think of it as a raw material 
from which many new products will he made. 
II. CUSTOMER TURNOVER AND ITS EFFECT 
ON BUSINESS 
ELMER H. KFJLLING* 
It is necessary, from time to time, to remind ourselves and our 
sales force, as well as the office and delivery departments, of the 
causes of customer loss. It takes the united efforts of all to keep 
down the forces which are at work to cause us to lose business. These 
causes are basically the same, but they occur in so many different 
ways that it is very necessary to be on the lookout all of the time. 
The busy executive can well afford to spend as much time pre-
VPnting loss of business as in developing new business. 
Into the "Outs" File 
From a recent study by "Coal-Heat" of the records of a most 
successful retail fuel merchant with some 18 000 customers on his 
books, it appears that the company has had to trarrnfor 2600 cards 
into the "Outs" file during the past three years. 
Reasons for the loss of this number, according to a careful 
personal checkup, arc as follows: 
l'cr cent 
.\loved out of town ..................................... 27. 
Buying ebewhere ....................................... 24. 
Buying from friend ..................................... 8. 
On relief. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 . 
.Now living in heated apartment .......................... 5. 
Husband passed on, wife giving up housekeeping ........... 5. 
Credit refused ......................................... 5. 
Reciprocity ............................................ 4. 
"Did not like our fuel". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 
Using gas ............................................. 2. 
Divorced.............................................. .1 
Burning oil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 05 
Burning wood. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 05 
Living in trailer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 05 
Out of business . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 05 
Unnccmmted for ....................................... 8. 
Why They Buy Elsewhere 
A survey was made by our company as to the reasons why a 
certain group became dissatisfied with our company or our service. 
*CPnter StrPPt FuPl Company, ~Iilwaukee, Wisconsin. 
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From a detailed study that "Coal-Heat" has just made of this 
personal survey, the reasons for the loss of customers which can be 
determined by personal calls appear to be as follows: 
Per cent 
Buying elsewhere ....................................... 33. 2 
(reasons unknown) 
Buying from friend or relative ........................... 25. 2 
Buying from customers, or reciprocity .................... 8. 8 
Credit refused ......................................... 8. 
Returned to former dealer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 8 
Miscellaneous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 8 
Special price from other dealers, or "free carry". . . . . . . . . . . . 2 .4 
Using oil or gas ........................................ 2. 
Trouble with firing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 6 
Sore or dissatisfied. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 6 
Coal not satisfactory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 6 
"See again" (chance for next order) ...................... 1.6 
Buy from neighbor dealer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 6 
"Did not advertise in church paper". . . . . . . . . . . . . . . . . . . . . . . 08 
Moved out of town. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 08 
Relief................................................. .04 
Long terms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 2 
"Buy from members of my church". . . . . . . . . . . . . . . . . . . . . . 1. 2 
Why Customers Are Lost 
"The School of Business Administration of the University of 
Oregon made a special effort to learn why customers stopped trading 
at particular stores," says "Better Retailing," a handbook for mer-
chants published by the National Cash Register Company. 
Actual reasons given by customers, secured from 1483 stores, am 
shown in the following table: 
Per cent 
Indifference of salespeople. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !J 
Ignorance and misrepresentation of goods. . . . . . . . . . . . . . . . . . . 8 
Haughtiness of salespeople. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Over-insistence of salespeople. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Errors and delays in service ............................... 17 
Unwilling to exchange goods, and tricky methods ............ 10 
Attempted substitution of goods ........................... 6 
High prices .............................................. 14 
Slip-shod store methods ................................... 13 
Poor quality of merchandise ............................... 10 
These figures show that 30 per cent were lost because of inefficient 
salesmanship; 33 per cent because of poor service; or 63 per cent of 
the losses were due to the human element in business. This empha-
sizes the importance of higher standards of personnel, of better 
training, of greater effort to please and hold customers. 
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This study also showed that 60 per cent of the lost customers 
left the stores within the first year after they had been won as 
customers; 31 per cent during the 2nd, 3rd, 4th, and 5th years; 
5 per cent after trading with the stores for five years; and 4 per cent 
traded with the stores for 10 years and then quit. 
On all of the discussions we have had on customer turnover, one 
of the outstanding features which is too frequently overlooked, and 
of which we need to be reminded continuously, can best be illus-
trated by a brief review of the history of one of the employees of 
our company, a man by the name of John D __ . 
He came to us from an entirely different line of business and had 
never sold before. He was German by birth, had come to this coun-
try when a young boy and had learned to love it. In those days I 
should have been at work by 6:30 A.M. but it was usually closer to 
6 :45 A.l\L Quite frequently John was waiting for me on the front 
doorstep. About 3 days a week he got up before 4 :00 A.M. and, as 
he expressed it, "To make sure the baker friends did not burn the 
rolls." He had breakfast which included coffee, rolls, or other 
bakery goods with his different baker friends each morning, and as 
John expressed it, "The hurry and rush of the bakery business was 
before the baker put his rolls into the oven." When this was accom-
plished the rest of the day was spent more leisurely, and the baker 
could then relax and visit a bit, to tell John about the people who 
moved into the neighborhood and who stopped at the store for the 
first time. John, somehow, got the names and addresses of these 
folks. He received a fair percentage of that business which moved 
into the neighborhood. He got more than that. He had the con-
fidence of all of the bakers he called on, and, in spite of price wars, and 
competitive conditions (some of which were unfair), we kept, and 
John kept, the bakery trade. 
Of course, since that time, on account of labor conditions and the 
high cost of wood, some of the bakers have switched to gas and oil, 
others to stokers, and the potential market has been substantially 
reduced. But John died. Today, we have less than one-half of the 
potential bakery business, and the reason, or the excuse, that the 
bakeries give as to why we do not get more of their business is 
"\Ve have customers who buy from us, we, in turn, must buy from 
them." The same reason or excuse existed in John's lifetime, but 
that did not stop John from getting the business. John wanted it. 
He wanted it badly enough to do the things that were necessary tq 
get and keep this business. For our company, at that time, it was 
very attractive business. 
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We hired a young man to take John's place, who is still in our 
employ. He has done very well, but we have less than one-half of 
the potential bakery business in the territory that we serve. John's 
case is the finest example of preventing customer turnover that 
I know. 
I feel that the next best thing is to encourage your friends. Not 
only close personal and family friends, but those people from whom 
you purchase merchandise; those trades-people with whom you come 
in contact. 
We must be on the lookout to grasp every opportunity to learn 
our faults. Be on the lookout for complaints or grievances which 
might react against you or your company. Find out what went 
wrong, and let folks know that you welcome an opportunity to help 
them. Sit down some day and write 25 or 50 letters telling people 
that you are honestly interested in learning your weaknesses and 
will do everything you can to correct them. Enclose a business-reply 
envelope and you will probably be surprised at the replies. If you 
receive. the same type of reply that we did, you will be more than 
anxious to meet the writer and learn from him, first hand, some of 
the things that were wrong with you or the company. Of course, a 
percentage of replies will be from people who will find fault with 
your credit policy, or the application of the credit policy, and some-
times even with the fact that you did not extend credit. However, 
it won't be long until the people in your community and those 
people whom you contact will realize that you are actually interested 
in eliminating causes for complaints-and will help you. 
Our salesmen carry a "Service Report" or complaint card on 
'vhich to register any type of dissatisfaction. Not necessarily those 
complaints made by the customer, but also the complaints which 
come to him from others, such as a sister, a brother, or sometimes 
a relative or neighbor of the supposedly abused person. One of our 
recent complaints went something like this: 
The customers wanted one ton of Pocahontas stove coal. It 
happened to be exceptionally large. They were perfectly satisfied 
with the fuel. When our salesman called at the home after a week 
or ten days to check up on the coal delivery, etc., they told the sales-
man everything was going along fine. They needed more fuel, and 
placed an order during severe winter weather-the coal was delivered 
promptly.· Ashes were used to bank the coal instead of the furnace 
being regulated by drafts. They had trouble with the fuel. They 
called us up and told us so. "Altogether too many clinkers." The 
salesman again called at the house, and no one was at home except 
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a girl about 13 years of age. "May I see the coal, and may I see the 
fire?" was the question asked by the salesman. The girl said, 
"Yes, sir" and showed him to the basement. The salesman looked 
at the coal in the bin and found it satisfactory in appearance, but 
did find a large pile of clinkers on the floor to one side. He then 
opened the furnace door and saw a pile of ashes on the top of the 
fire which had been placed there to keep the fire from burning too 
briskly. He carefully explained to the girl that the better way would 
have been to let ashes accumulate on the grates rather than bank 
with ashes, and explained the necessity of regulating the amount of 
draft taken into the furnace instead of using ashes to bank with. 
The father and mother returned home in the evening and, evi-
dently, after a lot of questioning, this was the net result of the girl's 
interpretation: She told them that the coal man had been there, 
looked at the coal, said it was all right; he had looked at the fire, and 
said that father and mother did not know how to fire and they should 
do it his way. We lost a customer until a neighbor who had been 
visiting these people told us what we were supposed to have said 
and done. Happily, we were able to correct the statement and got 
the customer back. The moral is: Have printed or mimeographed 
burning instructions giving, if possible, the authorized method. 
Our customers need us. ~What else is happening to make our 
customers do without our services? How do I drive my customers 
away? 
This is not a talk to build up enthusiasm with the product you 
and I have to sell; it is an analysis of ourselves by ourselves-to 
help us eat. We eat if we provide the proper merchandise and service 
for those persons who have need for them. This service must be 
rendered not only to new customers, but also to those persons who 
are now our customers, and have been for many years back. I bring 
up this point because friendly customer relations, or the lack of 
them, are a large factor in customer loss. 
Over a period of time three men in our employ were bringing in 
about the same number of customers, all of about the same general 
type, but one of these men did not increase his annual tonnage. 
The other two did. In checking over the customers who were lost, 
we found a very definite lack of enthusiasm for either the company 
or the salesman. Although no one thing had gone severely wrong 
in most cases to make them feel the necessity of changing, the 
excuses invariably were-"We have a friend or relative of ours who 
is now in the business and we gave him the order." This is just 
fine as far as it goes, if it were not for the fact that two other men, 
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about equal in their abilities to the third, did not lose customen;. 
WP finally learned that the inclination of one man was to sell to the 
point where the customer was almost over-sold, and his inclination 
to make promises (in most cases, not requested, but unnecessary 
promises that were very hard to fulfill to the letter) resulted in a 
letting; clown of friendliness between the customer and the salesman, 
with the consequent loss to both the company and the salesman. 
'Ye find that customer turnover varies substantially between the 
good credit risk8, the medium credit risks, and the poor credit risks. 
The poor credit risks furnish about twice as high a percentage of 
turnover as the good or medium credit risks. 
In :Milwaukee we sell anthracite coal, Ford coke, Pocahontas 
coal and mostly Eastern soft coal, as well as burner oil. The average 
customer life of a retail soft coal buyer is only 472 years as compared 
to 9 or 10 yearn for an anthracite buyer, and 8 to 9 years for a coke 
customer. \Ve find that our oil customers show a much lower turn-
over than our stoker coal tonnage. 'Ve ha vc doubled the life of our 
stoker coal customers in the last three years. Some bought one or 
two torn; of fuel from us, then changed to some other dealer; most 
of them becmrnc they were not quite satisfied with our fuel, or our 
service. 
Before going further, I should like to discuss the experiences of 
persons in other kinds of business. One of the large dairies of the 
country admit their customer turnover in one large city is one com-
plete turnover every three years. Their turnover in another city is 
one in eight years. This high turnover occurs in spite of the fact 
that 90 per cent of the moves which are followed through from one 
route to another arc not lost. One of our greatest losses in that 
loss occasioned by the fact that the customer moved out of the 
territory where it is convenient for them to do business with us-
or even outside of that area where it is economical or convenient 
for m; to do business with them. 
One of the larger banks of our city tells me that customers stay 
with it from 20 to 30 years. If we discuss the problem personally, 
each one of us would have our reasons for losing business where the 
bank does not. Other examples could be given by any of us here 
today. Competition for the dollar is also a large factor. 
A department Htore in 1928-29 refused to extend their "divided 
payments" beyond the period of one year; today, 27 months is not 
infrequent. The average payment is between $5 and $10 per month. 
The smprising fact is that these terms are extended to poorer risks 
today than those which were refused in 1929. This shows that there 
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is a strong volume of hungry competition for the consumer's dollar. 
It is not surprising that the consumer is confused and bewildered 
with the various promises and sales talk. We really should be sur-
prised that the coal burns at all. 
Too frequently the complaint is that coal doesn't burn right~ 
Just as you and I would go to a garage and say, "This car is not 
working right, see what is the matter." If the automobile mechanic 
doesn't know and doesn't correct the difficulty within a short time, 
we usually go to another garage. And so it is with the customer 
who tells the salesman that the coal doesn't burn right. He knows 
that a lot of other coal men are waiting for his business and if the 
salesman fails to satisfy the customer it will never do to tell him 
"\Vell, I will watch it and do better next time," because there is 
usually no next time. 
Of course, this can also apply to poor deliveries, forgetting to 
close windows, forgetting to put in bin boards, or· a case where 
drivers and helpers have had intoxicating liquor to drink, etc. 
Art Knutson of Sears, Roebuck & Co. says that the majority 
of people are more interested in comfort and convenience than in 
technical details. I believe it is our job to show the customer how 
to consistently operate his heating plant so that he can get from it 
a maximum of comfort and convenience. And you cannot and will 
not get a maximum of comfort and convenience from a Model T 
heating plant. Too frequently people buy coal from six or more 
dealers, blaming the fuel when they should be blaming the heating 
plant. And, finally, when they have made the rounds of all the 
dealers, an oil-burner salesman stops at the home and guarantees 
them heat, etc. After five or six experiences, the customer is willing 
to listen to the oil-burner salesman, and is waiting, in many cases, 
to be sold. 
One summer we sent out one-cent postcards to 10 000 people 
in our immediate neighborhood telling them what to do to prevent 
excessive rust in their heating plants. This was one of the best and 
most constructive pieces of advertising that we have ever done. 
People called in the furnace man for furnace repairs, for replacement 
of smoke stacks, etc; They did so gladly and willingly because 
their attention was called to the matter and some of them placed 
coal orders on the strength of these helpful suggestions. 
Many of us do not need to have a doctor every little while, but 
it is a mighty comforting feeling to know that you can get a doctor 
by picking up a telephone and calling one. It is mighty comforting 
to know that you can take a car to a garage to correct your trouble. 
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Therefore, it is just as comforting for a customer to know that he 
~an take his heating problems to a responsible fuel man for a prompt 
and satisfactory solution. You must learn to see things in the same 
way as the customer docs so that you can help him-not to get 
answers, but to get results. It is results that keep customers, and 
not answers. 
In closing, I wish to express thanks to all who helped in compiling 
this information, including Mr. K. C. Richmond, editor of "Coal-
Heat," the University of Oregon, and others. 
III. WHAT IS BEHIND THE HEATING COMPLAINT? 
STEW ART ORGAIN* 
Customer satisfaction with any fuel depends largely on the equip-
ment in which it is used-its design, condition, or method of operation. 
Much depends on the human element, the knowledge or skill of 
the plant operator. Much, depends on wh~t happens to the heat 
after it leaves the furnace or boiler. How one's house is built is of 
no little importance. 
Since the sale of coal depends on how it is used, the equipment 
and utilization factors cannot be overlooked. In view of the age, 
condition, and method of operation of thousands of heating systems 
some complaints have been inevitable. Many can be prevented or 
corrected through competent engineering service. 
Customer turnover or loss of business to other fuels can be sub-
stantially reduced. Most heating troubles are due to the equipment 
or its operation. 
Improper operation and faulty equipment are responsible for at 
least 96 per cent of household heating troubles. Moreover, prac-
tically all of these troubles have been unjustly attributed to the coal 
or coke. Solid fuel has been indicted on a multitude of charges by home 
owners. A few of these charges have been 
(1) Coal will not burn 
(2) Cannot get heat from coal 
(3) Excessive smoke and soot 
(4) Too many clinkers 
(5) Coal burns too fast 
(6) Coal "just no good." 
High tribute is due to the officers and members of the Chicago 
Coal Merchants Association who recognized this situation and have 
taken steps to further the more satisfactory use and sale of coal 
through fuel engineering service. 
Realizing that most of the indictments laid against coal were not 
deserved, the Chicago Coal Merchants Association determined to 
inaugurate an engineering service with three purposes in mind: 
(1) To promote the more satisfactory use and sale of coal 
(2) To instruct the members of the Association and their em-
ployees on the use and application of coal 
(3) To furnish engineering service to fuel users where needed. 
*Consulting Engineer, Chicago Coal Merchants' Association; President, Power Plant Engineer-ing & Testing Co., Chicago, Illinois. 
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The policy laid down by the Association for this independent 
engineering service was that it was to be just what its name implied. 
The service was to ascertain what the troubles might be, and make 
reports accordingly. If it was found that the trouble was with the 
coal, that fact was to be stated. If it was found that the equipment 
was faulty or in disrepair, or if the method of firing was wrong, this 
was to be stated and necessary recommendations made. A written 
report on every job serviced is sent to the dealer sponsoring the call. 
To list each complaint here and its remedy would require too 
much time and would be boring. I have divided the five different 
types of trouble under their proper headings. They are as follows: 
(1) Improper operation 
(2) Defective and obsolete equipment 
(3) Improper, or lack of, control equipment 
(4) Coal 
(5) Personal relationships. 
It is a natural desire of the human race to obtain comfort and 
convenience with a minimum of effort. This has been made possible 
by the introduction of automatic heat. Prior to the introduction of 
automatiC heating equipment coal was a natural product, it was dug 
from the ground, and in most cases sold "as is." 
In recent years the use of automatic heating equipment has be-
come wide .spread, and has changed the picture of coal to a great 
extent. Coal is no longer a natural product. It is a 'manufactured 
one, and proper sizing dominates the coal picture. Size of coal 
today is as important as quality. 
Until the dawn of automatic heat, mechanical trouble for the 
retail coal dealer was practically unknown. Today competent engi-
neering service, not only on fuel but on all types of heating equip-
ment and their controls, on heating systems and on proper firing 
methods, not only on those boilers fired by hand, but also on all 
types and make of stokers, is indispensable to merchandisers of 
solid· fuel. 
Coal Seldom to Blame 
Today, solid fuel gets the blame for over 96 per cent of all ills 
that develop wherever solid fuel is used, and yet it is definitely 
proven by surveys made in many different cities and by many service 
organizations that, out of approximately twelve thousand calls made, 
96.97 per cent of the trouble can be laid at the door of improper 
operation and faulty or obsolete equipment. This leaves but 3.03 
per cent of all troubles that can be traced to coal. 
If a building has a deficiency of installed radiation and is difficult 
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to properly heat, coal gets the blame. If the chimney is stopped with 
fly ash and soot the householder complains because the coal will not 
burn. If a steam or return line develops a water hammer, or if 
circulation is restricted by lack of proper venting, or proper pitch 
of the pipes, or defective traps, coal is indicted as the culprit and 
found guilty in the minds of those who bought it. 
I personally serviced a job some months ago on which a com-
plaint had been registered on the coal. The exact complaint was, 
"Oh, the coal burns all right, but we don't get any heat from it." 
The building contained twelve fiats and two stores. An examination 
of the boiler room revealed that the support bar under the grates 
had broken and was propped up with bricks, leaving the grates 
unshakable. The pitch of the return line was away from the boiler. 
There was no damper of any type. The hinge pin on the ash pit 
door had become loose. The tubes were half full of fly ash, and the 
boiler was dirty, both internally and externally. 
Improper Operation 
Improper operation accounts for approximately two thirds of all 
service calls-65.51 per cent. By far the most frequent difficulty 
encountered is draft. Too much draft was found in 24.23 per cent 
of the cases, and too little draft in 7.94 per cent. While the majority 
of draft troubles are due to improper regulation, defective. equipment 
or improper controls are likewise occasionally responsible . 
. On those jobs classed as hand-fired, too much draft has been 
·c·aused by one or more of the following conditions: Improper adjust-
ment of dampers and controls; carrying the fuel bed too thin; leaving 
the ash pit door open at all times; leaks around the ash pit door and 
frame; leaving the slots in the fire door open; no control on check 
doors; lack of dampers and broken grates. 
Too much draft on stoker-fired jobs is the result of one or more 
of the following: air intake at the fan opened too far; too much draft 
on the "off" period of the stoker, either through the.opening at the 
fan housing or through leaks through the fire doors, or through lack 
of damper controls; butterfly damper or barometric not properly ad-
justed, or stuck; coal feed too low in relation to the amount of air 
supplied. 
Draft 
Too little draft on hand-fired boilers or furnaces is the result of 
one or more of the following: ash pit door closed; ash pit full of ashes 
and clinkers; fuel bed too heavy; dampers closed too far; chimney 
too small or too low; dirty or stopped-up tubes, smoke breeching, or 
24 ILLINOIS ENGINEERING EXPERIMENT STATION 
chimney; too many vents in the same chimney; dirty fires; leaks in 
the smoke breeching or chimney; leaks around clean-out doors or 
frames; insufficient air in the fire room, and broken grates. 
Too little draft on stoker-fired jobs is caused by air intake at the 
fan closed too far; improper setting of twist and barometric dampers; 
coal feed too high for the amount of air delivered to. the fuel bed; 
wind box stopped up; insufficient air in the fire room; dirty or stopped-
up flues, smoke breeching, or chimney; clinkers in the retort or over 
the air tuyeres, and broken dead plates. 
In addition to other factors which come under the heading of 
improper operation we also found wrong or inefficient method of 
firing; improper adjustment of control equipment; improper adjust-
ment of stokers; lazy and stubborn janitors and firemen. 
Defective Equipment 
Defective or obsolete equipment is the next largest item, .and 
accounted for 19.42 per cent of all calls. Under this heading is listed 
boilers that are too large and those that are too small, boilers that 
are in a bad state of disrepair, and those boilers whose age and general 
condition necessitate the installation c:if a new unit; chimneys too 
large or too small; chimneys and smoke breeching in bad condition. 
Under this heading also comes lack of proper radiator vents; un-
balanced heating system; lack of sufficient installed radiation; lack of 
control equipment; stoker in bad state of disrepair; stokers oversized 
or undersized; stoker improperly set; and lack of dampers and 
damper controls. 
In 90 per cent of the cases where a stoker is either over- or under-
sized or improperly set we have found that the purchaser either 
installed it himself, or had some friend or relative who was some 
kind of mechanic install it for him. The result of this practice has 
been that it eventually cost the purchaser more money to tear the 
stoker out and have it put in right than it would have cost him in 
the first place had he bought a standard make of stoker and had it 
properly installed by the stoker company. 
In some cases, of course, where improper installation was made, 
it was impossible to install it otherwise, due to mechanical difficulties, 
or to the fact that the purchaser just wanted a stoker and did not 
wish to spend ~he small amount of money necessary for proper 
installation. 
Any standard make of stoker properly installed with the proper 
control equipment is one of the best investments that anyone con-
cerned with heating can possibly make. It gives constant heat, is 
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convenient and practically fool proof. Through its constant supply 
of heat it is healthful and economical. 
Lack of proper control equipment accounted for 9.08 per cent of 
all calls, and as a rule was the result of the unwillingness of the pur-
chaser to spend the money for the additional equipment mainly 
because he failed to realize its importance. 
Excess Fuel Consumption 
Many complaints resulting from an excess consumption of fuel 
can be traced directly to restricted cir.culation. In some cases little 
or no circulation at all is caused by defective vents; These vents can 
be either on the radiators or on the returns. Restricted circulation 
results from an unbalanced system. 
Uncontrolled draft on both stoker- and hand-fired jobs also results 
in complaints about excessive consumption of fuel. Especially is this 
true on stoker-fired jobs having no draft control on the "off" period. 
Lack of temperature controls also plays an important part in 
excessive coal consumption, resulting .in the home being uncom-
fortably warm or uncomfortably cold. 
Thermostatic controls are, as a rule, installed in the room most 
occupied by the householder, frequently in the living room or dining 
room, and in most cases on the first floor. This naturally leaves 
only a short run of the riser to the radiator in this room. This 
radiator tends to heat rapidly, the temperature of the room soon 
reaches the point where the thermostat is satisfied, and· the thermo-
stat shuts the stoker off. This may result in those radiators further 
along on the same riser not receiving enough heat to raise the tem-
perature of the room to the desired level. In order to obtain enough 
heat for the other rooms in the building the thermostat may be set so 
high as to make the room in which it is placed uncomfortably warm. 
This results in unsatisfactory heating, and the consumption of more 
fuel then would be necessary if the system was balanced by proper 
venting. 
Restricted circulation also is caused by sagged feed pipes and 
returns, or by the slope of the pipe being away from the boiler instead 
of toward it, also by the radiator being too low on the return side, 
or, on a one-pipe system, by the vented side of the radiator being 
lower than the steam side. 
Coal Complaints 
Those complaints that could be traced directly to coal we found· 
amounted to but 3.03 per cent. Frequently I have encountered coal 
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that had been delivered during a heavy rain, or which had picked up 
excessive surface moisture in some other manner. After such coal 
has lain in the basement and dried out no further trouble was expe-
rienced with it. Usually, where coal of an inferior grade was en-
countered, the home owner was strictly a price buyer, and had 
insisted on the particular coal furnished him. It is not always true, 
however, that the most expensive coal is the best coal for a par-
ticular job. 
Sometimes we have found it difficult to get the truth about 
changes that have been made in heating plants. For instance, a coal 
salesman called one day and told us that his company had been sup-
plying a certain building with coal for the past year and that he was 
about to lose the account. He gave us the type of equipment in the 
plant and the kind and size of coal furnished. 
During the years from 1930 to 1933 this building consumed 130 
tons of coal per year. From 1934 to 1937 the consumption per year 
had been 165 tons, an increase in cost of approximately 27 per cent. 
There was, of course, little variation in the degree days of each heat-
ing season, and the same janitor had fired this boiler for fifteen years. 
From 1933 to 1937 three coal companies had supplied this build-
ing with coal. Two of them had already lost the account, and the 
third was on the verge of losing it. 
I dispatched an engineer to the job. After inspecting it, he 
reported that there was excessive draft, that the aquastat had been 
installed in the wrong place, that there was no draft check or other 
automatic equipment, except a pressurestat. The engineer was un-
able to learn· of any changes in the boiler room during these years. It 
was natural to assume that if the engineer's report was' right, it still 
did not expfain the increased consumption of coal. If these condi-
tions existed now, they had existed in those years since 1930. 
I made a call to the building myself and this is what I found. 
Prior to 1933 water had been heated in a small boiler alongside the 
large boiler during the summer months. When the large boiler was 
started in the fall this small boiler was left idle. In the latter part 
of 1933 this small boiler was removed. During the years from 1930 
to the latter part of 1933 this small boiler had acted as a draft check. 
Its breeching had been connected to the breeching of the large boiler, 
and on the "off" period of the stoker it checked the draft on the 
large boiler. When the small boiler was removed, the hole where 
its breeching was connected to the large breeching was plugged up. 
It cost this building 35 tons of coal a year to remove the small boiler 
and make no provision for checking the draft by other means. 
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I recommended a barometric damper control and proper installation 
of the aquastat. 
Real merchandisers of solid fuel today realize the fact that it costs 
less money, is more apt to result in satisfied customers, and prac-
tically eli.minates complaints to have either their own or some com-
petent outside engineer make a survey of their customer's heating 
plant for the purpose of making recommendations with regard to 
any necessary repairs, or to any change in equipment, to properly 
instruct the customer on proper firing methods, and to specify grade 
and size of coal. 
IV. CUSTOMER DEMANDS 
ERNEST LINDQUIST* 
So often we hear the expression "This Ever-Changing World" 
and we in the coal business surely can attest to the accuracy of the 
statement. If that were not so, this subject which has been assigned to 
me would, I am sure, be quite uninteresting, thinking especially in 
terms of the coal business as it was conducted twenty to twenty-five 
years ago. 
Perhaps the implication is assuming too much.· Nevertheless, 
"customer demands" today, compared to those of a generation ]?ack, 
are in most respects considerably different and certainly more impor-
tant. Generally speaking, however, convenience and comfort with as 
little effort as possible are still the greatest "customer demands" so far 
as heat is concerned today, even ·as they were yesterday. 
Attempting then to analyze our needs, which happen to be our 
customer demands, we cannot help but feel the necessity of the 
industry satisfying these demands to the fullest extent. Yesterday 
these demands were satisfied after a fashion-generally in the way 
of a little better quality coal than had previously been furnished, 
but there was always the physical effort of feeding and shaking the 
fire and removing the ashes. 
Along came gas and oil as domestic fuels-clean and automatic-
and then came the awakening. It had taken a long time to awaken 
the old man of the mountain-the coal industry. His sleep was no 
ordinary cat nap. He had slumbered .on in false security, in the 
comforting thought that people had to keep warm in winter and 
required coal for the purpose. This is not necessarily an indictment 
of the coal industry of those days, but rather a statement of facts. 
After the awakening there was still an absence of organized effort, 
apparently because, paradoxically, that strength which exists in 
numbers, and which should have been the industry's power, became 
its weakness. 
With the coming of the stoker came fresh hope, and so to the 
stoker we owe everything so far as automatic coal heat is concerned. 
Stokers have come a long way in the last few years and we have 
complete faith in their continued development. 
Thinking in terms of complete automatic heat with coal, par-
ticularly in the so-called bituminous sections of the country, my hopes 
•Bunge Brothers Coal Company, Chicago; Chairman, Public Relations Committee, Chicago Coal 
::\Icrchants' Association, Chicago, Illinois. 
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and thoughts focus on pulverized bituminous coal, piped into con-
tainers in the consumer's basement. The coal would be forced under 
pressure through a. hose or piping from a tank truck in much the 
same manner that oil is delivered to the home. Automatically con-
veyed into the heating unit from the storage tank, the pulverized 
coal would be consumed down to a fine, free· ash. The ash itself 
would also be automatically removed from the heating unit to a con-
tainer capable of holding at least as much ash as would be. derived 
from a normal load of coal. The removal of the. ash from the bin 
itself could be accomplished by suction into a tank truck, built 
for that purpose. 
Customer demands arc almost as numerous as customers. Boiled 
down to a case where a stoker is in use, if we as retailers deliver 
absolutely clean and dustless coal, we are doing as well as the two 
competitive fuels in that respect. If the coal and the stoker give 
satisfactory heat and service, we arc also meeting our competition 
on the basis of convenience, economy, and comfort. If we can furnish 
more satisfactory heat and service per dollar we not only meet our 
· competition, but we can beat it. Easily said, but to accomplish 
these things means years of effort and application. Some of the 
ground has already been covered, but there is much still to be done 
individually and collectively. 
In order that the stoker may furnish the comfort and convenience 
promised and expected, we must be certain that the proper grade 
and size of coal is supplied. \Ve, as coalmen, should study, as dili-
gently as possible, combustion as applied to stoker firing and read 
available books on the subject. We should study at first hand, even 
if we have to invest in a stoker, the actions and results of different 
fuels under fire. All that will no doubt be covered in some subsequent 
talk embracing the subject, but I could not help bringing out, in 
passing, the need of that knowledge in order to properly insure for our 
customers the maximum comfort and convenience to which they 
are entitled. 
In new homes costing ten thousand dollars and up, the demand 
today seems to be for fully automatic fuels. Herc should be a highly 
profitable field for both the stoker manufacturer and the coal dealer, 
but apparently very little headway, if any, is being made toward 
getting our share of this business. To this type of home-owner even 
today we can offer the Five C's-Comfort, Convenience, Cleanliness, 
Controlled Heat, and Cost. Even though in some localities the 
unit installation costs of the competing fuels, particularly gas, are 
lower than that of the stoker, the matter of fuel cost should be an 
30 ILLINOIS ENGINEERING EXPERIMENT STATION 
all important factor, as the lower cost of solid fuel will, over a period 
of time, more than offset the difference in the cost of the unit. It is 
difficult breaking into that field because the automatic ash removal 
and bin feed stokers are confined to two distinct coals-hard coal 
and Pocahontas. 
Aside from the stoker, the elimination of dust has in my opinion 
been an extremely important step forward, and h.as done much 
towards satisfying at least one customer demand. The realization 
of the importance and necessity of clean trouble-free fuel will compel 
every dealer to do everything in his power to deliver just that-and 
will, in my opinion, have much to do in helping our industry maintain 
that which we have, and regain some of that which has been lost. 
However, the proper treatment of coal must be universal-that is, 
from the industry standpoint it would not help much if one dealer 
made one or more clean deliveries in a given block if other dealers 
with customers in the same block made dirty careless deliveries. 
The good accomplished by the one, which on occasion may bring 
him new customers to whom his clean delivery appealed, -could not 
overcome the harm done by the others, particularly in these days 
when our alert competitors are not overlooking any opportunity to 
help mold the minds of their prospects. The treating of coal also 
helps keep our yards clean, and that is certainly building neighbor-
hood goodwill, especially for those yards located in thickly settled 
residential districts. 
We must all see the necessity of working towards clean deliveries. 
This, in addition to clean dustless coal, should also mean clean uni-
formed delivery men, trained to be salesmen to a reasonable degree, 
and who should take as much pride and show as much interest in the 
proper performance of their jobs as we should in ours. Let us not 
overlook the fact that our deliverymen, particularly in the larger 
towns and metropolitan areas, are our direct contact with our cus-
tomers. How they conduct themselves and the impression they 
leave with the customer determines in a great many cases whether 
the customer comes back to you or not. They should be trained to 
be careful of little details-details which to the driver may seem 
trivial enough but which to the customer often times are extremely 
important. · 
Another feature with regard to clean deliveries, and to my mind 
it is a highly important one, is the matter of so-called coal bins. 
But in the average home very little thought or attention is given to 
the coal bin, no matter how dilapidated it may be. Since a proper 
container must be furnished by the customer for oil, and safe piping 
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must be had for gas, why not an adequate coal bin for our product? 
I believe proper efforts in this direction are needed to tie in with the 
customer demand for clean deliveries and clean basements, not only 
in future homes but in existing homes; 
So much for the moment regarding the home with a central 
heating plant, but what about the stove-heated home? Here our 
industry, because of the cleanliness and convenience. of oil, has lost 
considerable tonnage. Oil space heaters have replaced coal on a 
large scale in the metropolitan, smaller town, and· country areas. 
It seems to me that our industry has been exceedingly lax in per-
mitting this tonnage to get away without a struggle. This loss of 
tonnage came about because of the stove manufacturers' switch, as 
I see it, to a more lucrative line. If they could have been induced 
to spend a fraction of the cost of developing oil-burning space heaters 
on the improvement of coal-burning stoves, we could have saved 
considerable of the tonnage lost these last three years. Even now 
I do not believe it is too late to stem the tide and recapture this 
desirable and profitable business. 
Having partly covered our thoughts on homes equipped with 
stokers, and the demands of customers and prospective customers 
who arc automatic heat minded, how about the great majority of our 
domestic customers who are contented and satisfied to break their 
backs, callous their hands, develop falling arches and contact pneu-
monia while tending their hand-fired plants? And, how about the 
bridegroom who is always keeping the bride waiting because he must 
put some fuel on the fire, and the distressed hostess who must 
interrupt her bridge party to run downstairs and throw on a few 
shovels of fuel. How about them? 
In due time many of these will become stoker minded for the 
reason that those now using automatic heat became conscious of the 
added comfort and convenience that only this type of heat can give. 
But while they are hand firing, we heat merchants should do every-
thing in our power to provide all the comfort, cleanliness, and con-
venience that it is possible to give. Who knows but what that 
goodwill may be the determining factor in influencing some customer 
to select a stoker when and if he goes to automatic heat. 
The heat regulator in hand-fired plants has been helpful 111 keeping 
many on solid fuel who otherwise might have gone over to a com-
petitive fuel. The regulators arc comparatively inexpensive, and do an 
excellent job in maintaining uniform heat with leRs work. 
Here we think also of quality fuel and, with the exception of the 
price buyer, every consumer of solid fuel today should. receive the 
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very best grade that it is possible for us, as merchants, to supply. 
The average consumer will pay a fair price for trouble-free result-
giving merchandise. In my own mind at least, I am convinced that 
one of the reasons for such a tremendous switch from coal to oil space 
heaters has, to a considerable extent, been due to the exceptionally 
low grade of coal usually purchased by consumers in an effort to get 
more for the dollar, which turned out too many times, from the 
standpoint of the dealer making the sale, to be a case of getting the 
dollar for less. The resulting unsatisfactory heat and service natu-
rally had its effect, so that, even where the purchase of an oil space 
heater became a severe economic handicap to the buyer, the obliga-
. tion was assumed, and whether the new stove and fuel gave more 
satisfactory heat or not, our industry's loss, so far as the customer 
tonnage is concerned, was real. 
The last few years have brought a great change in the buying 
habits of our customers. Where, up to a few years ago, orders were 
placed one, two, three, or more days in advance, today most orders 
are placed on the day of delivery, and are invariably left with the 
request for an immediate delivery as the last shovelful of coal is in 
the furnace. Also, orders today call for small quantities, but since 
this hand-to-mouth buying is practiced throughout the country, in 
large businesses and small, it must be accepted by our industry 
with grace. Each of us should be thankful it was our company 
which was called instead of a competitor. 
Still another customer demand is for proper and prompt servicing 
of complaints. It is far less costly to keep an old customer by satis-
fying his reasonable demands than to get a. new one. A satisfied 
customer usually becomes a salesman who draws neither commission 
nor salary and, don't forget, he is also a part of your goodwill. 
Because of our great numbers, scattered as we are over most of 
the country, it would seem that, from the standpoint of the retail 
coal industry, our most important need to. properly meet most cus-
tomer demands is organization. As individuals we can see to it that 
our customers get the best coal obtainable and proper delivery 
service, but when trends begin to take form and heating habits 
change, then we must rely on organization to work out our problems. 
Large cities should have strong associations. Smaller centers and 
towns, unable to support an organization of their own, should become 
associated with a national association, working with the local units 
not only for mutual benefits but, what is more important, for cus-
tomer welfare and the continued maintenance of our share of the 
.heating service to the public. 
, . 
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In the case where a coal or coke user changes to gas or oil, the 
salesman selling the new unit seldom neglects to recommend proper 
insulating of the building, for the obvious reason of keeping fuel cost 
down-strictly a sales appeal. If that is good business for our com-
petitors, according to my reasoning, it should be good business for 
the coal man to do the same thing, but how often do we do it? I be-
lieve we must fight just as hard to maintain our customers on solid 
fuel as our competition is fighting to wean them away. 
V. THE SMOKE PROBLEM 
R. R. TUCKER* 
The history of Smoke Abatement campaigns shows a startling 
similarity in their final results. New ordinances are passed, new 
personnel appointed, and when the results are not immediately forth-
coming, as in the days of old, thumbs are turned down. The Com-
missioner sinks into oblivion, and the public returns to their apathetic · 
attitude, feeling self righteous in the fact that the Commissioner of 
Smoke Regulation has received his just desserts. 
Commissioners and inspectors are human beings whether the 
public think so or not. They alone cannot solve this problem-they 
are not omniscient. Ordinances cannot clear the air. There is no 
magic in any law. The "City Fathers" cannot wave a wand and 
produce a clear atmosphere. 
Stripped of all its nonsense and dismissing from the discussion 
all the technical variables that enter into every combustion problem 
it might be said that smoke· abatement will not be had until the 
proper equipment is used to burn the available fuel smokelessly, or a 
fuel is used that will not smoke. This, therefore, necessitates rigid 
supervision of all heating devices such as furnaces, boilers, stokers, 
oil burners, and gas burners; as well as a very definite control. over 
the kind, type, size, and quality of fuel that is used. This statement, 
although general in character, specifically applies to the City of 
St. Louis where 94 per cent of the coal consumed comes from the 
State of Illinois. 
It is interesting to note the type of equipment that is used in the 
City of St. Louis. A W.P.A. survey of 104 000 heating plants shows 
the following distribution of heating equipment: 
Per cent 
Hot water ............................................ 10. 67 
H'ot air ............................................. .42. 01 
Steam ............................................... 5.73 
Coal stoves ........................................... 38.45 
Oil. ........ : ........................................ 2.88 
Gas .. _ ............................................... 0.26 
Another survey by the W.P.A. workers of the variously aged resi-
dential districts has recently been started, which brings to light the 
following facts: 
*Commissioner of Smoke Hegulation, City of St. Louis, St. Louis, :\lissouri. 
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Heating Equipment Used 
Date of Stoves, 
City Block per cent 
1880-1889 ........ ,., . . . . . . . . . . . . . . . . . . . . . . . . . 96 
1890-1899. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
1900-1909 .............................. : . . . . 61 
1910-1919. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 









The major portion of this equipment, besides the stoves, is hand 
fired. Furthermore, the major portion of this equipment was de-
signed to burn a high grade· eastern coal. Capacities of these furnaces 
based upon manufacturers' ratings indicate that a coal of 12 000 
B.t.u. or more should be used. Consequently, the use of a high 
volatile fuel of medium calorific value results in excessive smoke. 
Speculative builders in the past have erected homes with heating 
plants inadequate in size to carry the load under normal operating 
conditions. Architects thinking solely of the aesthetic value of the 
buildings have designed stacks that are practically worthless. All 
these things are contributing factors to air pollution and demand 
that some form of regulation be enacted to protect the public interest. 
These thoughts are fundamental in character. Had they been given 
consideration in the past the solution of our present dilemma would 
not be so difficult. St. Louis has considered these things in the past, 
but the regulations and ordinances have not been persistently and 
consistently enforced. 
Laws that are in effect at pre~ent govern the installation of all 
fuel-burning equipment. Applications specifically stating the type 
of equipment as well as the conditions under which it is to be operated 
must be submitted to the Division of Smoke Regulation for their 
approval. It is upon the presentation of these facts that the Division 
of Smoke Regulation bases its opinion. · If the equipment has a 
capacity to supply steam in excess of 600 sq. ft. of steam radiation or 
its equivalent load, there is no choice but that it must be mechani-
cally fired. In the event the equipment is of lower capacity a definite 
commitment must be had from the manufacturers of the boilers or 
furnaces stating the type, the kind, and the size of fuel that must 
be used in order to produce the capacity of the unit. A recent 
amendment makes it obligatory upon the manufacturer to per-
manently affix to his equipment this information. The Division of 
Smoke Regulation realizes that this equipment can be operated 
smokelessly if proper care and attention is given to the firing of 
the fuels which are suitable to the size of furnace in question. The 
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Division of Smoke Regulation also realizes that it is not practical 
when a high volatile fuel is used for the furnace to receive this 
intelligent and meticulous care. We therefore endeavor to persuade 
those individuals purchasing equipment below 600 sq. ft. of steam 
radiation or its equivalent load to use either mechanical firing or to 
use a low volatile fuel. 
The work of smoke abatement has been materially aided by the 
progress that has been made in the design of underfeed stokers. 
They can, if properly installed, successfully burn high volatile fuels 
in a manner that will conform to the most rigid smoke ordinance. 
The sale of these stokers is a highly competitive business, and con-
sequently rigid supervision and control must be maintained over 
the manner in which they are sized and installed; otherwise, a wide-
spread dissatisfaction may result from their usage. The Division 
of Smoke Regulation in St. Louis in cooperation with the St. Louis 
Stoker Association have published a set of Rules and Regulations 
governing these factors in the City of St. Louis. Although not perfect 
they have been found to be extremely practicable and workable. 
In order to reasonably expect any permanent results from any 
regulations or rules it is necessary _for those using the equipment ~o 
burn a fuel adaptable to the equipment. It was not unusual to find 
in St. Louis fuels with an ash content between 20 and 25 per cent, 
nor was it the exceptional case when the ash content reached as 
high as 30 to 35 per cent, and sulphur content 7 per cent. This fuel 
with a high ash content and low fusing point is anything but an 
ideal one for underfeed stokers. Furthermore, the high sulphur 
content had a deleterious affect upon the physical structures of the 
city as well as a marked influence upon the health of the community. 
As a result, all· fuels used in St. Louis now must meet the require-
ments of Section 18 of Ordinance 40 999, commonly known as the 
"washing clause." 
It was previously stated that if smoke abatement is to be had 
the. proper equipment must be used to burn the fuel smokelessly. 
Although no one will deny that high volatile fuels can be burned 
smokelessly if proper care and attention is given, still the fact 
remains that, as far as domestic furnaces are concerned, it is not a 
practical proposition to expect the owners of the individual plants 
to give the care and attention that high volatile fuels demand. 
Furthermore, there is no definite responsibility placed upon any 
individual home owner for the smokeless operation of the furnace. 
The furnace is handled by the youngest as well as the oldest member 
SHORT COURSE rn'coAL UTILIZATION-1939 37 
of the family. In many cases, due to the size of the equipment or its 
original design, it is impossible to obtain smokeless operation. 
Educational campaigns which have as their objective the educa-
tion of the householder and the proper firing of his fuel have been 
attempted in the past. Several years ago a campaign was waged in 
St. Louis and firing schools set up to demonstrate the proper use 
of the equipment which the householder possessed. It had no 
permanent or lasting results. Experience has shown that some degree 
of success may be had in educating those operating industrial plants, 
apartment houses, and commercial buildings. Such persons, how-
ever, ·are not always ready to assimilate the information that has 
been given them. There must accompany the educational program a 
very rigid ordinance which can and will be enforced. In the event 
that it has been demonstrated that education is not making any 
marked progress, mechanical equipment should be installed to 
eliminate the nuisance. 
It is possible to handle the larger consumers of coal as individuals, 
but it is not practical to handle the large mass of domestic users as 
individuals. Some forµi of mass action must be taken to provide 
this group with a fuel that will not smoke, and which can be sold at a 
fair and equitable figure. It is a fallacy to state that this fuel should 
be sold at the same unit price as the coal which they are now pur-
chasing. Research should strive to develop a fuel which can be used 
smokelessly, and which will result in an ultimate heating cost not 
greatly in excess of their present cost. 
The State of Illinois has taken a very progressive step. It has 
indicated its desire to sponsor a research program which has for its 
ultimate objective the development of a smokeless fuel from Illinois 
coal. A program of this character will be beneficial to all. Its success 
means the solution of the smoke problem in the City of St. Louis. 
Its success also means the broadening of Illinois' present markets for 
coal and the reclamation of those markets which have been lost. 
Perhaps it is presumptuous in presenting this brief paper to dwell 
upon what is being done in the City of St. Louis. It is the belief, 
however, of the Division of Smoke Regulation that the problems in 
St. Louis are peculiar to that particular territory, although certain 
fundamental principles may be applied to all communities. The man-
ner in which the laws are being enforced in St. Louis has been pro-
ductive of results in reducing air pollution. This is evidenced by the 
following table 'which shows a marked decrease in density of smoke. 



















Density of Smoke, 
per cent 
1937 ...................................... 13.06 
1937 ....................................... 6.56 
1938 ............ · .......................... 4.75 
1938 .................................. •.• .. 3.57 
1938 ...................... · ................ 2. 73 
1938 ................... · ................... 1.44 
1938 ...................................... 0.93 
1938 ...................................... 0.53 
1938 ...................................... 0.37 
1938 ...................................... 0.236 
1938 ...................................... 0.444 
1938 ...................................... 0.546 
1938 ...................................... 0.825 
1938 ...................................... 0. 758 
1939 .............•......................... 0.765 
1939 ....................................... 0. 791 
1939 ..................... : ................ 0.887 
These figures represent 122 000 observations. They are applicable 
to the large consumers of fuel such as industrial plants, institutions, 
commercial buildings, and apartment houses." 
An intensive program has been waged to reduce the smoke pro-
duced by the railroads. · This too, has been effective, as evidenced 
by the fact that there has been a reduction of 50 per cent in the 
smoke units from the railroads since January 1, 1939. As yet prac-
tically no effort has been expended toward solving the domestic 
problem; this, as previously stated, will necessitate some form of 
mass action. St. Louis must provide a source of smokeless fuel to 
this large group of consumers. 
The present ordinance is not the ultimate solution of the problem; 
. it only affords the answer for a portion of our problem, and is nothing 
more than a sound foundation upon which the department can build. 
Time and experience will point the way toward the ultimate solution, 
nothing more has been claimed. 
VI. THE EVALUATION OF COAL FOR USE IN" 
DOMESTIC STOKERS 
RALPH A. SHEHMAN* 
In this country today there are nearly 400 000 small stokers each 
of which requires an average 10 tons of coal per year. In the earlier 
days of stokers any cheap grade of screenings ,was prescribed, but 
today the demand of the users is for the coal that will give the best 
performance, because, although stokers will work even with poor 
coal, they will work better with good coal. The criteria of good coals 
for stokers are, however, different from those that applied to hand 
firing. Whereas, for hand-fired furnaces, ash that did not clinker 
was preferred, for the conventional small stoker an ash that will 
clinker is demanded. Coke trees were unheard of a few years ago, 
but now are freely discussed wherever coal and stoker men congre-
gate. Domestic sizes for hand firing cover a wide range with no 
close tolerances; stoker sizes are quoted to the sixteenth of an inch. 
All of these changes have introduced a certain confusion in the 
domestic coal market. Every producer is interested in sharing this 
market, but because of the new demands the wise move slowly in 
entering until they are certain that the coal from their mines is suit-
able, and until they are certain of the size in which it should be 
prepared. Wise retailers also move slowly in taking on coal from a 
new source until they have assurance that the coal will give satis-
factory performance in the domestic stoker. Removal of unsatis-
factory coal from consumer's bins is a profitless operation. 
Because of this need for information on the characteristics of coal 
that determined the successful performance of the small stoker, 
Bituminous Coal Research, Inc., has conducted an extensive program 
of research on the problem at Battelle Memorial Institute. Supple-
mentary to this program, research on the suitability of coals from 
various seams has been carried on for individual producers and groups 
from various districts, and research on the suitability of stokers for 
various types of coal has been conducted for manufacturers. 
For this research, methods for the evaluation of the performance 
of the coal had to be formulated. The purpose of this paper is to 
summarize the results of various published and unpublished investi-
gations describing the method of evaluation used, and presenting 
some of the outstanding results. 
*Supervisor, Fuels Division, llattelle !\Iemorial Institute, Columbus, Ohio. 
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1. _Possible Methods of Testing.-The desire of every technologist 
is to determine which characteristics of his material are important . 
in the process in which it is used, to develop methods for the measure-
ment of these characteristics, and then to evolve a formula by which 
he can weigh properly the individual characteristics and arrive at a 
final figure of merit. With many materials this may be possible, but, 
despite the long use of coal and the considerable amount of research 
that has been done on its properties and on methods of testing, the 
complexity of coal has prevented the development of a workable 
formula of this type, although some have been presented. 
Coal has been burned on large underfeed stokers and in pulverized 
form for many more years than the domestic stoker has been widely 
used, but the final test of the suitability of a coal for these types of 
industrial equipment is a burning test under plant conditions. 
Similarly, the final acid test of the suitability of a coal for the domestic 
stoker is its performance in many types of residential installations. 
But the domestic stoker has the advantage over the larger equip-
ment that it can be placed in the laboratory and extensive tests 
performed without excessive outlays for fuel. 
Simulative service testing such as the stoker tests in the Research 
Residence at the University of Illinois, of which Mr. Konzo is to 
tell us later in this conference, has many advantages. The tests are 
carried out under conditions of draft, heat demand, and atmospheric 
conditions that are natural and not artificially imposed. Yet the 
conditions are subject to accurate measurement, and such a wide 
variety of conditions is obtained during the course of a heat season 
that proper interpretations can be made. 
The very advantage of natural conditions imposes, however, 
certain restrictions on obtaining results quickly and at will. One is 
forced to wait on the whims of nature for severe or mild weather as 
one may wish for certain observations; we all are acquainted with 
the vagaries of the weather. Because the comparison of the per-
formance of many coals under similar conditions of operation was 
desired, the laboratory .method was chosen for the work at Battelle. 
A series of extended investigations was first made on a few coals 
to obtain a conception of the. relative importance of the principal 
characteristics of coal as they govern the performance of the stoker. 
As reported in various publications, 1 • 2 • 3 • 4 • 5* the coking charac-
teristics were determined to be the most important single factor, 
followed in order of decreasing importance by the clinkering char-
acteristics, the size, the ash content, and the volatile matter content. 
•Index numbers refer to list of references at the end of this paper. 
.. 
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FIG. 1. DIAGRAM OF STOKER-FURNACE ASSEMBLY 
No standard test for the coking characteristics is available, and the 
ash softening temperature determination is not a wholly reliable 
measure of the clinkering tendencies. No formula was anticipated 
and none was formulated. Burning tests of coals were found to be 
the only reliable method for the evaluation of the suitability of a 
coal, but a method of testing was evolved that permits these tests to 
be made quickly and at relatively low cost. 
2. Description of Testing Equipment.-Figure 1 shows sche-
matically and not entirely to scale the arrangement of a stoker-
furnace assembly and the accessory equipment. The stokers are 
installed in special test furnaces which consist of a vertical, cylindrical 
steel shell made up of four sections, a lower section corresponding to 
the ash-pit section of a furnace or boiler, a fire-pot section which is 
water cooled, a combustion-chamber section which is lined with 
refractory to the level of the upper frame of the observation door, 
and a conical hood which terminates in a cylindrical smoke pipe that 
discharges the flue gases to the breeching. The principal dimensions 
are shown in the drawing. 
The stoker and furnace are mounted on a frame of channel iron 
that supports the assembly on the platform scale. The smoke pipe 
is not connected to the breeching, and the intake of the fan is con-
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nected to an air supply duct through a water seal. In this way, the 
entire assembly can be weighed at any time. 
The fan on any stoker is usually left in place to supply the air for 
combustion. To 'permit the measurement of the rate of air supply 
by means of the pressure drop across a thin-plate orifice, air is sup-
plied from a central laboratory fan. This fan overcomes the resistance 
of the orifice, and by regulation of the air supply with the blast gate · 
to maintain atmospheric pressure at the inlet the stoker fan operates 
as if it were in the atmosphere. The arrangement of the dampers and 
solenoid at the right of the drawing permits the measurement of the 
air supplied during the "off" as well as the "on" periods of the stoker. 
A manually-operated switch may be used to turn the stoker on 
and off, or it may be operated automatically.by means of the time-
switch and relay. A self-starting electric clock in parallel with the 
stoker motor gives the total time of operation of the stoker. A watt-
hour meter by which the current consumption of the stoker is de-
termined is included in the circuit. 
The draft on the furnace is maintained by means of an induced 
draft fan in the breeching which serves several furnaces. A baro-
metric damper in the riser to the breeching serves to maintain a 
constant draft. This is usually so adjusted as to give a draft of 
0.05 inches of water in the combustion chamber. · 
A thermocouple and a gas sampling tube are mounted in the stack 
for the measurement of the gas temperature and for the collection 
of gas samples for analysis: Temperatures are read on manual or 
recording potentiometers and the flue gas is collected continuously 
and analyzed at intervals on an orsat apparatus and the C02 content 
is also recorded continuously on a recorder. 
The door for observation of the fire and removal of clinker is 
tightly sealed. Leakage of air over the fire is thus prevented, and 
in this way the furnace departs markedly from a residential furnace 
or boiler. This was done because the leakage varies rather widely 
among furnaces, and it was considered advisable to make the deter-
minations of the gas composition and the smoke independent of the 
variations. in furnace construction. and dependent solely on the 
characteristics of the coal. Kratz and Konzo 6 have shown the marked 
effect of leakage through door slots on the performance of a stoker-
fired warm-air furnace. 
The smoke density meter was made up especially for the test 
furnaces. By means of an air jet, a sample of gases containing the 
suspended smoke is drawn out of the stack and passed between 
a light source and a photoelectric cell. The variation in the absorp-
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tion of the light by the smoke varies the output of the cell which is 
recorded automatically on a potentiometer type of recorder. The 
results of the smoke density measurements are expressed in a scale 
of arbitrary units which are directly proportional to the concentra-
tion of smoke; that is, a concentration of 10 is twice that of 5 and 
one-half that of 20. 
Figure 2 shows a general view of several furnaces in the labora-
tory, and Fig. 3 shows a closer view of one of the test furnaces and 
stokers with the accessory equipment. 
3. Procedure in Tests.-Burning tests are usually made at a rate 
of feed of approximately 30 pounds of coal per hour, or at the maxi-
mum feeding rate of the stoker if it is less than this amount. The 
hopper is filled with coal and the stoker run until the coal is level 
with the hopper. One pound of charcoal is placed on the coal and 
one-half pint of kerosene is poured over the charcoal. The coal feed 
is cut off but the fan is started and allowed to run five minutes after 
igniting the charcoal. The coal feed is then turned on and allowed 
to run for one hour to build up a fuel bed. 
The air is adjusted by means of the air control damper on the 
stoker to give an excess of 40 to 50 per cent over that required for the 
coal fed per hour. Because the rate of feed may vary from that 
estimated or determined in a preliminary trial, the excess air may 
vary from the desired figure but, unless it is found to be greatly dif-
ferent, the air control damper is not adjusted throughout the test. 
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Fm. 3. TYPICAL STOKER-FURNACE AssEMBLY 
The tests are usually of five days duration according to the 
following schedule of operation: 
First day 
9:00 A.M ...•............ . ...................... Light fire 
9:00 A.M. to 10 :00 A.M .......•......•........ . ... Continuous operation 
10:00 A.M. to 2:00 P.M ....• ... .. ... ...•.... .... .. Hold-fire operation 
2:00 P.M. to 3:00 P .M ..•........•............... Continuous operation 
3:00 P .M. to 4:00 P.M . . • . ....•. . .......•........ Hold-fire operation 
4:00 P.M. to 4:30 P .M . . •. ... .. ....... ..• .... •... Continuous operation 
4 :30 P.M. 
Second day 
9 :00 A.M •. . • • ••.•.. • •.......................... Hold-fire operation 
9:00 A.M. to 10:00 A.M .. . ..... • ......... .. •...... Continuous operation 
10:00 A.M. to 1 :15 P.M .•..................•.•.... Hold-fire operation 
1 :15 P.M . to 1 :30 P.M .•..........•. •.•..... ..•.. Continuous operation 
1:30 P .M. to 4:00 P.M .... ..• •. ...•... ... .... •... Hold-fire operation 
4:00 P .M . to 4 :30 P.M . . .. • . • ....•............... Continuous operation 
4:30 P.M. 
SHORT COURSE IN COAL UTILIZATION-1939 
Third day 
9:00 A.111 •••••..••••••.•••••••.•..•.••••••.••.•. Hold-fire operation 
9:00 A.M. to 11:00 A.M ••.••••.••••••.••••••.••••• Intermittent operation 
11:00 A.M. to 3:30 P.M •••••.•••••••.•.•• , .••••••• Hold-fire operation 
3:30 P.M. to 4:30 P.111. •••.••••.•.••.•.•••••••.•. Intermittent operation 
4:30 P.111. 
Fourth day 
All day ....................................... Hold-fire operation 
Fifth day 
9 :00 A.l\I •••••••.••.•••••••.••••..•.••••••.•..•• Hold-fire operation 
9:00 A.111. to 5:00 P.111. •••••••.•..•..•.••.••.••.•• Intermittent operation 
5:00 P.111. 
Note: 
Continuous operation-The stoker is manually started and manually 
stopped at beginning and end of periods of continuous operation specified. 
Hold-fire operation-The stoker is started once each hour by a time 
control, and is stopped when the stack temperature reaches 900 deg. F.; a 
third control stops the stoker if this temperature is not attained in 15 minutes. 
Intermittent operation-This operation simulates conditions of high 
heat demand with the stoker being shut off by the limit switch of the boiler 
or furnace or by the room thermostat. The procedure is specifically as 
follows: The hour is divided into three 20-minute periods; in each period 
the stoker is allowed to operate until the amount of combustible, that is, 
ash-free coal, burned,::-as determined by the loss in weight of the furnace 
and stoker assembly, is one-third of the combustible that must be burned to 
liberate a definite amount of heat, 187 500 B.t.u. per hour. For example, 
if this amount is 16 lb. of coal, or 15 lb. of combustible per hour, the stoker 
would operate until 5 lb. of combustible had been burned. The stoker is 
then shut off manually and is started manually at the beginning of the next 
20-minute period. 
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During the test periods no attention is given to the fire except to 
see that ample coal is in the hopper and to remove clinker from the 
fuel bed. Removal of clinker is usually necessary only once during 
each test, on the evening of the fourth day. At the close of the test, 
the fire is quenched with water and the coke, clinker, and fine ash 
are removed and weighed searately, and sampled for analysis. 
When tests are to be made to· determine the best of several sizes 
of coal from one seam, a series of preliminary tests of two-days' 
duration is run on each size. The scliedule followed is that of the 
first and fifth day of the five-day schedule. From the indications of 
these tests, the most promising of the sizes is selected and a five-day 
test is run for confirmation. The shorter tests require about 250 
pounds of coal, and the five-day tests require between 500 and 600 
pounds. 
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4. Interpretation of Results.-The suitability of a coal for small 
stokers is judged from the data obtained in these tests by 
(1) The ease of ignition, and the burning rate during the first 
hour of the test, as this is a preliminary indication of the ignitibility 
and the difficulty that may be had in maintaining ignition 
(2) The resistance of the fuel bed to the flow of air 
(3) The amount and type of clinker formed 
(4) The smoke concentration 
(5) The time required to operate to hold a fire in periods of no 
heat demand 
(6) The coke-tree formation, which is judged by 
(a) The appearance of the fuel bed; this is recorded by 
photographs 
(b) The amount of coke left in the fuel bed at the close of 
the test 
(c),, The uniformity of burning as shown by the variation in 
the length of the periods required to burn a given weight of 
combustible. 
Initial Ignition 
Figure 4 shows the record of the initial ignition of six coals at the 
start of the tests according to the procedure described. No par-
ticular significance should be attached to the maximum temperature 
of the flue gases, as the rate of air supply was not adjusted to the 
same excess air for all of the coals because of the difference in the 
rate of feed. The rate of rise is, however, significant. 
The initial rapid rise in temperature is due to the burning of the 
kerosene and charcoal. The temperature then usually decreased and 
again rose as the fuel became ignited. Great differences in the time 
required to come to an equilibrium value are seen. The temperature 
with the free-burning easily-ignitible coals such as Illinois No. 6 and 
Millers Creek reached an equilibrium value in about 10. minutes 
from the start of the test, whereas with the Thick Freeport coal the 
temperature decreased to a low value and had not reached equilib-
rium within the hour. Pocahontas coal, although strongly coking, 
ignited practically as readily as the free-burning Illinois and Millers 
Creek coals. ' 
These temperature curves give a composite picture of the igniti-
bility and the caking and coking and cannot be taken as a measure 
of one alone, but they do indicate the order of difficulty that may 
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FIG. 4. FLUE-GAS TEMPERATURE RECORDS SHOWING RATE 
OF IGNITION OF VARIOUS COALS 
Resistence of Fuel Bed 
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The resistance of the fuel bed to the flow of air as measured by 
the pressure drop across the fuel bed in inches of water is important 
as it may limit the capacity of the stoker to burn the coal if it rises 
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to too high a value. The maximum or cut-off pressures developed 
by the fans on the residential stokers of 20 to 30 pounds per hour 
capacity is that of 1.25 to 1.75 inches of water. With a well-designed 
automatic air control the delivery of the fan for any damper setting 
will be maintained or increased up to the cut-off pressure, but if the 
resistance of the bed rises to this cut-off value the supply of air will 
be cut down, the fuel bed will increase in thickness, and some manual 
attention will be necessary to the fire. 
Closely sized coals that do not crush appreciably in the stoker 
will usually give favorably low fuel-bed resistances. Coals with large 
amounts of fine sizes or coals that coke strongly and swell to fill the 
retort at the tuyere level will give high fuel-bed resistances. Any 
coal that has a fuel-bed resistance greater than 1.5 inches of water is 
looked upon as one likely to give difficulty in burning. 
Clinker 
Judgment of clinker formation from tests of only five-days dura-
tion is admittedly the weakest point in this method of rapid evaluation 
of stoker coals. If the ash is such that strong clinkers are formed and 
the softening temperature of the ash is in the range of 2000 to 2500 
deg. F. there is little question of the ability of the ash to form a 
proper clinker in residential operation. If, however, the clinker 
formed is weak, or if only a small percentage of the ash of the coal 
burned is formed into a clinker, and the softening temperature is 
above 2500 deg. F., then care is advised in the application of the 
coal to residential stokers. Such coals arc particularly likely to give 
difficulty in the mild weather of fall and spring. They arc suitable 
for application to stokers on large heating plants and industrial 
boilers where the fireman can manipulate the fire to insure formation 
of clinker or can readily remove the ash unfused. 
Smoke Concentration 
Mention has been made of the fact that the test furnaces are 
sealed above the fuel bed and no air for combustion of smoke or its 
dilution can be admitted above the fire. Nevertheless, smoke is 
always absent in the operating periods of the tests even with the 
highest volatile coals unless the air supply is dropped to a low value 
and C02 contents of 15 to 16 per cent are carried in the flue gases. 
The rates of heat release based on the furnace volume of 9 cubic feet 
from the hearth to the base of the vertical smoke pipe are not 
excessively high, but with feed rates of 35 pounds of 14 500 B.t.u. 
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coal per hour the rate of release is 56 400 B.t.u. per cubic foot per 
hour, which is above the limit set by the smoke-abatement ordinances· 
of some cities. · 
Immediately after the stoker shuts off, smoke is emitted from the 
furnace. Depending on the characteristics of the coal, the smoke 
may taper off rapidly during the "off" period or it may taper off 
only slowly. The record given by the photoelectric recorder is 
integrated, giving the average smoke concentration in the "off" 
periods. Some typical averages follow: 
Typical Smoke Concentrations in "Off" Periods 
A vcrage Smoke 
Coal Concentration 
Pocahontas No. 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Illinois No. 6 .•.................... : ..... ·. . . . . . . . . . . . . . 4 
:Millers Creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Sewell................................................ 6 
Hocking, Ohio No. 6.................................... 10 
Pittsburgh ...................................... ~ . . . . . 15 
Indiana No. 6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
Although the low-volatile Pocahontas No. 3 and the medium-
volatile Sewell coals gave low values of smoke, it is seen that wide 
differences can result for coals of similar volatile matter content. 
The combustion of the volatile gases and dilution by air admitted 
over the fire would materially reduce these smoke concentrations in a 
residential installation, and only the Indiana No. 6 coal would be 
likely to give troublesome smoke. 
Time Required to Hold the Fire 
The time required to operate the stoker to maintain a proper. 
fuel bed is an important characteristic of a coal. Little use is made 
of the heat liberated in the few minutes of hold-fire operation, and 
the period should be short for economy of fuel. The method which 
has been described allows a measure of the ability of the fire to pick 
up to a given level of burning that has been found to be suitable for 
holding the fire. 
The time required does not vary over wide limits: Values as low 
as 2 minutes per hour for the free-burning Millers Creek co.al to as 
high as 7 minutes per hour with a strongly coking high-volatile coal 
have been found. Values below 5 minutes per hour are considered 
satisfactory. 
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FIG. 5. RESULTS OF SWELLING TESTS ON VARIOUS COALS 
Coke-tree Formation 
Difficulties with coke-tree formations with strongly coking coals 
remain the greatest problem facing the stoker manufacturer and 
service man. Coke formations are expected to some extent with 
practically all coals, and manuals given by some stoker manufacturers 
to the purchaser now contain drawings of the type of coke-tree forma-
tion to expect. The principal difficulties that excessive coke forma-
tions cause are deep fuel beds which cause trouble in removal of 
clinker and slow rate of pickup which, in extreme cases, results in 
extinction of the fire. For this reason, the coking tendencies of coals 
are measured as carefully as possible. 
A laboratory test that is proving of some value as a preliminary 
indication of the coking tendencies is the British Standard Swelling 
Test. In this test, one gram of coal is heated in a covered silica 
crucible over a gas flame which is regulated to give a temperature in 
the bottom of the crucible of 1472 deg. F. in 172 minutes, and 
1508 deg. F. in 272 minutes. The coal is heated for a minimum of 
272 minutes, or until the flame has disappeared. The coke buttons 
are compared with a series of standard outlines numbered 1 to 9. 
The test is similar to the volatile matter determination over the gas 
flame, except in the size of crucible and in the final temperature. 
Figure 5 shows a series of coke buttons obtained from various 
coals. The Millers Creek coal may be slightly out of line because 
the only sample available had been in storage in a laboratory bottle 
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FIG. 6. FuEL BED OF FREE-HURNI a HOCKING, OHIO No. 6 SEAM CoAL 
for some two years. The advantage of the test is that it is rapid, 
simple, and gives wide variations in the size of coke buttons. 
Figures 6 to 8 show three fuel beds in the test furnaces. Figure 6 
is from a photograph of a bed of free-burning Hocking or Ohio No. 6 
coal. No coke trees are to be seen. Similar fuel beds to this are 
found with many of the Illinois coals. Figure 7 is a view of a fuel 
bed of coal from the Fulton seam, a low-volatile coal from central 
Pennsylvania. Aithough there is a strong central coke tree, a good 
bed of incandescent fuel surrounds it and no difficulty was encountered 
with this coal. Figure 8 shows a coke-tree formation from Upper 
Freeport ~earn coal, a high-volatile Central Pennsylvania coal. 
Although there is burning about the base of the formation, so much 
of the fuel in the furnace is not ignited that this coal gave difficulty 
from non-uniform burning and from extinction of the fire. 
The amount of coke larger than one inch that remains in the 
furnace at the close of the test gives a numerical measure of the 
coke formation and of the depth of the fuel bed. The depth of the 
bed and the amount of coke remaining decrease as the excess air 
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FIG. 7. FUEL BED OF MODERATELY STRONGLY COKING FuLTON SEAM COAL 
increases, and comparisons are only accurately made for tests with 
closely the same excess air. Some typical values for various coals 
follow: 
Typical Weights of Coke Left in Fuel Bed 
Coal Weight, lb. 
Millers Creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Illinois No. 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Hocking, Ohio No. 6. ................................... 8 
Indiana o. 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Pocahontas No. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Sewell ......... .. ........ .... ........ . ....... . ........ 15 
Pittsburgh .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
The real test of a stoker coal is its ability to deliver heat at the 
demand of the thermostat, and to deliver it uniformly. For this 
reason, the uniformity of burning in the periods of intermittent 
operation on the last day of the test is the most valuable measure of 
the value of a coal. 
Figure 9 shows the log of a test of a 10 mesh-1 inch coal from the 
No. 2 Gas seam in West Virginia. The top curve shows the time 
required to burn the desired weight of combustible in each operating 
cycle. Although this is a coking coal, and the operation is not as 
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Fro. 8. FUEL BED OF STRONGLY COKING UPPER FREEPORT SEAM COAL 
uniform as many of the coals that we have burned, it was entirely 
satisfactory. The same relative uniformity is seen in the curves 
giving the gas composition in the lower part of the figure and in the 
pressure drop through the fuel bed which was at a favorably low value. 
Figure 10 shows the log at a similar test of the same coal in 
~-1 inch size. The operation with this size of coal, although not as 
non-uniform as many that we have seen, is much less uniform than 
that with the coal with the smaller bottom size. The lack of uni-
formity is likewise shown in the curves giving the C02 content of the 
flue gases. 
The fact that the 10 mesh-1 inch coal was superior to that 
~-1 inch in size was of especial interest here as it would not have 
been expected from any of the standard laboratory tests on the coal, 
nor was it shown by the swelling test. The coal with the smaller 
bottom size was equally acceptable in every other way, and it was 
naturally of interest to the producer to screen as little of the small 
coal out of the product as possible. The profitable disposal of the 
small sizes is practically always a problem. 
5. Other Important Characteristics of Stoker Coal.- Other char-
acteristics of coal that are important in its evaluation as a stoker 
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described, but are separately determined, are the ash content, the 
cleanliness, and the appearance of the coal. 
Ash Content 
The ash content of a coal is obviously important, as ash is a 
diluent to the heating value, and increased ash means more labor 
for removal and disposal. Within rather wide limits, however, the 
ash content of a coal does not materially affect the performance of a . 
stoker. It becomes important when the ash and clinker storage area 
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that a high ash content means removal of clinker more frequently 
than the normal once a day. It is also important if the heating 
value of the coal is so lowered that the capacity of the stoker is less 
than the required rate for the heat demands of the house. Stokers 
are usually installed with such a reserve capacity that normal varia-
tions in ash content will not cause such limitations. 
Other things being equal, the fly ash nuisance will also increase 
as the· ash content increases. What is termed "fly ash" is, however, 
often a composite of ash and combustible material, that is, fine coke 
that is carried out of the fuel bed with the ash. The loss of this fly 
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coke will usually be less with a coking than with a free-burning coal, 
as the fine coal from the former will agglomerate into larger pieces 
that will not leave the fuel bed. 
Cleanliness and Appearance 
One of the principal reasons why many people buy stokers is to 
gain greater cleanliness in the home. Stoker coal should, therefore, 
be treated to avoid dust in handling, and the treatment should · 
remain permanently effective throughout the winter. Time will not 
permit any extended discussion of dustless treatment as it is a 
subject for a paper in itself, but oils, blends of oil and petrolatum, 
and blends of oil and asphalt are now available that will effectively 
and permanently eliminate the dust nuisance on those high-moisture 
coals of the midwest which were found difficult to treat with the low 
viscosity oils formerly used. No producer should find difficulty in 
obtaining a material for the treatment of his stoker coal to elim-
inate dust. 
All who know coals recognize that the fact that a coal contains 
fines does not necessarily mean that it is inferior to a closely-sized 
product. Many domestic users judge coal on its appearance, and 
it is granted that a closely sized coal is nicer looking than a naturally 
resultant slack.· The dust in, untreated coal is decreased by the 
removal of the fines, and the amount of oil or other material that 
must be applied to obtain a satisfactorily dustless coal is materially 
reduced. 
6. Summary.-A method of test has been described that permits 
the rapid evaluation of coals for use on domestic stokers. It is 
considered more accurate and less costly than blind trials through 
. retail dealers. As more information is obtained on more coals and 
as this is correlated with laboratory tests for the characteristics of 
coals, this procedure may be materially shortened and perhaps 
eliminated. ·Furthermore, as small stokers are improved to handle a 
wider variety of coals, particularly those that are strongly coking and 
have high ash-softening temperatures, the necessity for testing will 
be done away with, and all coals will become ideal stoker coals. 
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VII. COAL PREPARATION 
c. Y. THOMAS* 
Last week I had the very pleasant opportunity of hearing one of 
our celebrated Kansans, Dr. A. E. Hertzler, author of a best seller, 
"The Horse and Buggy Doctor" speak at a forum dinner of our 
Pittsburg Chamber of Commerce. He opened his talk by saying 
that to his notion there were three kinds of public speeches:· 
(1) The address, a very formal and serious collection of flowery 
language, completely devoid of a sense of humor and uttered from 
somewhere behind a boiled shirt. 
(2) The speech, the main prerequisite being a loud voice, usually 
used by politicians, wherein the flag is waved, the speaker knowing 
he's not telling the truth, and the audience frequently breaking into 
raucous cheering over statements which usually have no basis of fact. 
(3) The spiel, a rambling and informal sort of thing in which the 
speaker, dressed in anything he happens to have on at the time, 
doesn't know what he's saying, the audience has no idea what he's 
talking about, so they, the speaker and the audience, end up even. 
My remarks today are certainly going to fall under the last 
·classification, and I humbly beg your indulgence. When I accepted 
the assignment to present a few remarks on coal preparation, 
I thought I was taking the easiest possible assignment. Then 
I started going through the current literature, including the pro-
ceedings of the past conferences here in Urbana, hoping to find some 
interesting items which I could borrow bodily, dress up a bit, and 
deliver as an original and erudite address. 
It is distinctly not news that a fetish of the American people, 
found now~ere on the globe to such an intensified degree, is that of 
holding conventions. Certainly the coal industry has its share of 
meetings. During the past ten years of my. immediate connection 
with and employment in the coal mining industry, I have attended 
many meetings and conventions. At most of them it has been my 
observation that the audience thinks most of that speaker who 
finishes in ten minutes, handling his paper in such. a way tha~ there 
can be little or no discussion, all of which leaves more time for those 
paramount and interesting extra-curricular activities. 
Without tossing any bouquets to the guiding lights of this and 
past conferences here in Urbana, I believe most of us come here to 
•Chief Engineer, The Pittsburg and Midway Coal Mining Company, Pittsburg, Kansas. 
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learn something. I am quite positive that the I. Q. of this group ·is 
higher than at most coal conferences. Thus as a speaker I approach 
my subject with considerable and perhaps audible palpitation know-
ing that a mixture of a few platitudes and a stem winding, flag raising 
oration will not suffice. 
It is my deep personal feeling that before this group, one should 
have something worth while to say on a new subject, present a fresh 
viewpoint, a study from a new angle, or he had better have stayed 
at home. 
I am happy that my subject is not a confining one, there can be 
no claustrophobia when one is allowed to discuss coal preparation. 
It is my intention to not only take liberties, but to go somewhat 
beyond the limiting lines of this subject. · 
As far back as 1935, our genial and able chairman presented a 
most interesting and comprehensive paper on developments in coal 
cleaning. Since that time our trade magazines have been so replete 
with technical and descriptive articles on the subject that I am 
willing to concede, within very close limits, 
(1) That there are little or no differences in manual cleaning and 
preparation of coal. 
(2) That the end results of all mechanical cleaning methods are 
essentially the same. 
(3) That screening and loading are universally understood and 
done in an acceptable manner. 
(4) That various methods of dust proofing are generally satis-
factory. 
Thus having quickly disposed of such small and sometimes highly 
controversial matters (do you recall the calcium chloride vs. oil 
treating here in 1935?) there seems to be nothing left for. me to say. 
The work has all been done, it's old stuff, so let's go on home and 
watch the gas and oil men continue to take our business. To my 
notion, gentlemen, this has largely been the general attitude of the 
coal men this past decade, maybe many more. 
It seems to me as though the coal industry may be likened to a 
tough old army mule, expecting, accustomed to, and not at all per-
turbed by many and frightful beatings. It is true that there are 
some most enlightened champions, such as K. C. Richmond, who are 
continually barking at the heels of our lethargic mule, not attracting 
the notice they deserve, but hopeful that latent energy will show its 
full force almost any minute. 
The late C. F. Hirshfeld of the Detroit Edison Company recently 
said, "My fear is that, in our zeal as technicians, in our crusader-like 
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. efforts materially to improve the human lot, we may be instrumental 
in producing materialistic advance faster than can be assimilated 
mentally, socially, and economically." Is there one among.you who 
thinks this applies even remotely to our coal industry? ' 
Many remedies have been suggested for the many ills affecting 
our industry, some of which affect coal preparation. 
I believe in by-product carbonizing, which is an important 
measure in the conservation of a natural resource, to say nothing of 
the merits of producing a smokeless fuel, but we haven't the knowl-
edge nor the money to go into this on a nationwide scale. Gasifica-
tion at the mines is tremendously interesting subject but we are 
not ready for this as yet. But with reference to that great cross we 
are all bearing I think it as reprehensible to regulate our industry 
with respect to wages, prices, and freight rates, without according 
competitive fuels the same treatment, as it would be to abolish 
our tariffs or reciprocal trade agreements and allow our nation to be 
flooded with oil, cotton goods, sugar, and many other items, pro-
duced under standards and working conditions far below our own 
idea of "the American way." 
If the preparation of coal is an important subject, as most of us 
think it most assuredly is, we believe it is sufficient if it accom-
plishes these things: 
(1) Removal of practically all free impurities 
(2) Good screening into convenient sizes 
(3) Adequate dust proofing 
(4) Careful loading into railroad cars. 
However, I do believe we should think about several quite impor-
tant factors which are certainly a part of coal preparation. The first 
of these is segregation of fine coal when loading mine run or smaller 
sizes containing screenings. With the rapidly extending use of fine 
coal it is important that customers of less than carload lots receive 
uniform coal. We all know that, with our present facilities for loading 
cars, it would be a miracle to have any two truck loads of coal out 
of the same car contain the same proportion of fine and coarse coal. 
What can mines do to prevent segregation? Where is there an 
authority or a manual to which we can turn for this information? 
Why do we persist in loading a car 9 or 10 feet wide from a chute 
but 18 in. or 24 in. wide? Why do we use 36-in. loading booms on 
the same wide cars? Bituminous Coal Research in its painstaking 
study of small stokers has pointed out exactly the results of segrega-
tion, showing that there should be little or no segregation for optimum 
stoker operating conditions, and, to the utter surprise of most of us, 
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concluded that there is less segregation in a small stoker when using 
%-in. x 0 coal than when using %-in. x %:..in. coal. 
Many of us for years have been in the dark about the meaning 
of a stoker coal description such as "All through 1 in. round with not 
to exceed 30 per cent fines." Right here I want to make ·a plea that 
all coal companies, stoker manufacturers, and investigation agencies 
use standard screens and methods of the A.S.T.M. and the A.S.A. so 
that those of us 'livillg out in the wide open spaces can understand 
screen tests made in Pittsburgh, Columbus, or any other place. 
The.re are enough things about coal which cannot be evaluated on 
any given set scale or standard, but there is no excuse for the existing 
misunderstanding and confusion attendant to the interpretation of 
screen sizing of coal. 
The distribution of various sizes or screen fractions going to make 
up a commercial grade of coal is becoming apparently more important 
each year. We should know what we are loading, virtually abolish 
segregation while in the preparation plant, and then develop better 
ways of loading cars so that the ultimate consumer can be sure of a 
uniform product. 
There is a somewhat growing demand for box car loaded coal, 
for several reasons, among them being protection from pilferage, 
rain, or snow, and subsequent freezing. After all, isn't it foolish to 
wash, dry, dust proof and then load beautifully prepared coal into 
open,top•cars; ·subject to sun, wind, rain and snow? Many of you 
are no doubt familiar with the covered hopper cars used for trans-
porting bulk cement, sand, fullers earth, etc. Coal cars have changed 
but little in design during the past two or three generations excepting 
in size. During the past several years I have made some particular 
inquiries and I have not yet heard of a single railroad asking a coal 
company for suggestions as to the design of new coal cars. If they 
had done so, and really took any interest in the coal user, there 
would be fewer 70-ton cars, there would be hoppers with watertight 
tops, there would be no flat or drop bottom cars with bottoms made of 
deeply corrugated metal, cars would be longer with considerably 
lower sides in which there would probably be several side doors, and 
many other similar corrections. 
We frequently have demands for less than carload lots of a 
certain size of coal. In this case we partition a car as best we can, 
and hope that the ,coal will arrive at destination in a satisfactory 
manner. I am not so sure but what a reasonable development in 
coal transportation would be the use of covered or closed compart-
ments which are handled on flat cars. With a quick and convenient 
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method ·of removing the compartments, cars could be released 
quickly, the compartments being used as covered bins with a mini-
mum amount of scgrc>gation and the prevention of freezing and 
pilferage. 
I am inclined to believe that we can get better and more con-
venient cars in the future if there is a concerted effort to show the 
railroads how cars should be designed, and to point out the necessity 
for having b()ttcr cars if we arc to hold our customers or regain 
customers now using a competitive fuel. 
In virtually every .case where coal handling has been made more 
convenient, there has been a reduction in handling expense. I{ we 
arc to keep fro_m losing additional coal markets, we simply must use 
every possible -means to reduce dealers' and users' expense and to 
make coal handling far simpler and more convenient.· 
One of the great items of expense in coal burning is the capital 
investment in track hoppers, feeders, conveyors, elevators, bins and 
other handling equipment items. If cars designed for handling nut 
coal or smaller sizes were designed with conveyors in the bottom, 
there would be no reason for coal users to have to install expensive 
track hoppers and feeders, and hand shovelling could be virtually 
eliminated. Coal handling equipment can and should be standard-
ized just as the railroads have standardized wheels, axles, and safety 
appliances, and just as the automotive industry has standardized on 
bearings, wheels, tires, electrical equipment, and many other features .. 
It is our thought that fuel preparation is not at all complete when. 
the last drop of a car under the tipple is completed. Fuel preparation 
must extend into _the dealers' yards and into the power plants of 
our industrial consumers. If the coJJ,I producers arc unable to furnish 
advice and assistance which will help to keep users satisfied, where 
arc our dealers and direct customers to get this information? 
When we hear of the millions and billions being expended by the 
steel, oil, textile, ceramic, automotive, and many other industries in 
research, those oLus in the coal industry should hide our faces in 
shame. Just a few years ago, there was organized a promising start 
in · this direction, Bituminous Coal Research, directed by the best 
minds in the coal industry. In the year ending June 1, 1938, this 
group was limited to the trifling sum of $20 640.25 while working on 
such very practical matters as: 
(1) Characteristics of coal for small stokers , 
(2) Dustless treatment of coals 
(3). Utilization of coal in large underfeed stokers 
(4) General useful information. 
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In other words I think they were just getting a good start, and 
then what happened? they ran out of money because of a lack of 
interest, and work stopped on January 1, 1939. Right now when 
we need the research work more than ever, we have no cooperative 
program. Fortunately, a little group in our industry refuses to 
give up. They have prepared a new program of vital interest to all 
and are hopeful of raising $235 000 per year, but will start when 
$40 000 has been pledged. While most of us here at this con-
ference have little or nothing to do directly _with approval of expendi-
tures, I would like to urge and to think that each of us will become a 
representative in the Congress of the Coal Industry, originating and 
approving the enlarged B. C. R. budget and endeavoring to have 
our senior principals make this proposed program a reality. 
I cannot believe that such a cooperative endeavor will spend 
money on abstract studies. I know they will be practical, and that 
every completed study will have its effect on coal preparation. 
The past decade has seen a tremendous extension in the burning 
of pulverized coal. Many plants are equipped with a central storage 
system whereby the pulverized coal is stored in bins until used. 
Other plants have the unit system, feeding coarse coal to the pul-
verizer as needed by the boiler to meet steam or heat demands. 
Generally speaking, production of pulverized coal in large quantities 
is less expensive than in small quantities in small mills. Why should 
we not perform the pulverizing service at the mines, loading into' 
closed cars such as used for fullers' earth and cement, which have 
connections in bottoms for. fuel pumps? The use of pulverized coal 
needs to be extended, but not before the completion of sufficient and 
adequate studies. 
There is a demand for information on industrial, ceramic, and 
metallurgical firing, on complete gasification, on colloidal fuel, and in 
each case there will be preparation problems. 
I do not believe there is among us a man who is in the preparation 
end of the game who is satisfied with present drying methods, who is 
satisfied with the tremendous losses in washery sludge, and who 
feels that we are already doing all that should be done to properly 
prepare coal. 
Many of us believe that we are neglecting extremely important. 
matters and at the same time are doing a lot of things, such as com-
plicated screening, which are of questionable value. The follo~ving 
paper on this subject by my friend McCulloch who has no superiors. 
and few equals in the coal preparation industry should clear up this. 
matter for us. 
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Coal preparation in the future is not going to be a simple matter, 
tipples or cleaning plants will more properly be called fuel prepara-
tion factories. "\Ve will continue to study cleaning units and endeavor 
to separate the last bit of refuse from the clean coal, and vice versa, 
we will continue to m:eet the demand for various and sundry sizes of 
washed and dust-proofed coal; we will load the coal carefully into 
cars to prevent degradation and segregation, we will do our very 
best to accomplish first-class dewatering and drying, but all of these 
things are not enough. 
Through cooperative endeavor we should be hopeful of studying 
and adopting uniform means and methods of loading cars to prevent 
segregation. We should insist on being a party to the improved 
design of cars. With research pointing to better methods of using 
coal for industrial, ceramic, and metallurgical purposes, we will have 
to prepare coal to meet these needs. In short, the important sphere 
of coal preparation in the future is not in meeting the conveniences 
of our own cleaning plants, but in carefully determining individual 
customers' needs and preparing our coal to meet those needs. 
This responsibility is not going to rest alone with the engineering 
or preparation department. We must depend upon our sales repre-
sentatives to help recognize customers' needs a·nd desires. The 
genuinely profound respect I have for the opinions and suggestions 
of sales representatives, I must confess, was not formed at tipples 
"where the idea is usually prevalent that a. coal salesman chronically 
kicks while selling coal as far below production cost as possible. 
Having accompanied salesmen into creameries, laundries, power 
plants, greenhouses, brick plants, schools, cottages and mansions, 
there comes a realization to me that production and preparation 
departments have armed the front line troops with spears to fight 
tanks and airplanes. 
Coal preparation has many problems, in the tipple, in the dealers' 
yard, in the boiler room, and elsewhere, but I contend that material 
preparation follows, not precedes, human preparation. This con-
ference and others are equipping all of our industry's representatives 
with the knowledge necessary to carry on better than ever before, 
and I think it is high time we arc according the sales representative's 
opinions and ideas the attention they deserve. 
There may be some coal mining companies with sufficient engi-
neering talent and money to work out all these problems for them-
selves, but only through cooperative study can the far greater 
number of us participate in getting all the answers to coal prepara-
tion problems. 
VIII. THE SIMPLIFICATION OF COAL SIZING 
·w1LLIAM C. McCuLLocn* 
Screen-sizing of coal has been practised for considerably more 
than 150 years. At first it was classed as a mischievous practice. 
We may assume that the use of this word connoted the vexation 
encountered in the practice rather than the harm resulting therefrom. 
There is no doubt about .the benefits resulting in specific uses of coal 
through the advantage of a well scrcen-,sized product. However, our 
modern equipment has made it possible to produce sized coal far 
more exactly than the necessity for sizing demands. We are inclined 
to believe that because it is possible to make an almost infinite 
number of sizes with our modern equipment they are all necessary, 
and at the slightest whim we change the picture to present a more 
appealing view without considering the actual need or scientific 
reason for such a change. 
For many years Illinois coal was produced solely for the larger 
or so-called domestic sizes, and it was only after legislation required 
that the miners be paid for the smaller size that any attempt was 
made to find a use for it. The chief competition in domestic fuel at 
that time prior to 1900 was anthracite, and it seemed logical to 
pattern after the well-established anthracite practice of close sizing. 
Because Illinois coal is generally hard in structure a fair duplication 
of anthracite sizes could be obtained, and some of the trade names 
such as stove coal and pea coal were adopted. In some instances 
these names are extant today. 
The free-burning combustion characteristic of Illinois coal is 
another factor that influenced the sizing. Although all the coal in 
the state is classified as coking coal it reacts differently on the grates 
from the more friable Appalachian bituminous coal. The difference 
shows in the swelling, pasty condition of the eastern bituminous coal 
when fired as contrasted with the decrepitation of Illinois coal which 
permits free admission of air. 
These screen-sizing conditions have persisted throughout the 
period of hand-fired operations and arc in existence today for all 
purposes other than mechanical stoking equipment. ,The sizes de-
veloped for such uses are more or less standardized, and the usual 
separations on Illinois coal have been made at 6 inches, 3 inches, 
2 inches, l.Yz inches, %'inch; and% inch. 
With the recent rapid growth of mechanical stokers, particularly 
in domestic units, and the smoke control ordinances that have been 
voted in some of the larger cities, the conditions have again changed, 
*Coal Preparation ~Ianager, United Electric Coal Companies, Du Quoin, Illinois. 
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and we find a very unstable condition in the industry because of these 
factors. Legislatures are now trying to force the elimination of all 
coal over 6-inch ring size. Consumer preference is causing a change 
which results in complete stagnation of formerly accepted sizes. 
A recent survey conducted by Mr. K. C. Richmond, editor of "Coal 
Heat,'' lists at least 21 sizes smaller than Hi inches as recommended 
by leading stoker manufacturers and fuel engineers for use in do-
mestic stoker units. 
The trend for stoker coal is toward closer sizing, but there is no 
concerted action to show which size is most satisfactory. As the top 
size is lowered and the bottom.size is raised we reach a theoretical 
condition with an infinite number· of sizes and zero tonnage in each 
size. In contrast to this absurd conception we have the other 
extreme of a single unsized product. It would require a great deal 
of temerity for one to suggest that a single size of stoker coal is all 
that is required, but a further conception of sizing must be discussed 
before final conclusions are drawn. 
Theoretically, as above, we may obtain an infinite number of 
sizes. But if one limited size range chosen from the number is 
identified as the best, what will become of all those sizes not so good? 
Practically, we cannot leave behind in the mine those sizes not in 
demand, nor can we force an unwanted size on the cons.umer. It is 
necessary therefore, for the operator to install crushing and rescreen-
ing equipment if he wishes to convert stagnant sizes into more 
readily saleable coal. This entails added charges on the coal in 
operating cost and deducting losses. 
I should prefer to consider that the perfect stoker fuel is not 
necessarily a closely-sized product but rather a controlled blend of 
sizes where the smaller particles fill the voids of the larger ones. 
If we limit the top size to avoid abnormal segregation and control 
the bottom size only as it pertains to dust control I am confident 
that we can obtain satisfactory results with a greater size range than 
is commonly acceptable today. The natural screen size ratio of the 
coal from many .mines is undoubtedly satisfactory in the mixture 
and the problem of the preparation staff is to maintain the uniformity 
of blending rather than to separate the coal into numerous sizes, 
only one of which may be satisfactory. 
I shall not attempt in the scope of this paper to discuss the 
technical phases of combustion as it applies to mechanical stokers. 
Recent investigations of various organizations, notably those of the 
Fuels Research Laboratories of Battelle Memorial Institute and the 
Illinois Geo!ogical Survey, have covered this subject thoroughly, and 
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their publications are available. It is significant to note that special 
sizing is of minor importance in combustion, and if size distribution 
is controlled more satisfactory results are obtained on mixtures than 
on the individual sizes. . 
The work of the Illinois Geological Survey on blended ingredients 
bears this out, and until we have more specific uses for the various 
constituents which are segregated by screen-sizing the best results 
may be obtained by preserving the blend in its proper ratio after it 
has been worked out satisfactorily. 
It is of significance to note that in the tabulation of preferences 
listed by Mr. K C. Richmond in his discussion before the Illinois 
Mining Institute in 1937, special sizing ranks seventh in a list of 
eleven for household stokers and ninth for commercial stokers among 
groups representing 80 percent of the industry. It is interesting 
that there is such a divergence of opinion among the different groups, 
because special sizing varies from first to last as a factor governing 
selection and use of stoker coal. One may conclude from this that 
sizing, per se, has not been properly evaluated, or there would be a 
greater unanimity of opinion in regard to it. 
As a corollary to special sizing we must consider the companion 
subject, ease of operation. It has been demonstrated that a mixture 
of sizes after the coal has reached the combustion chamber is more 
satisfactory than any one special size. ·we are not to conclude, 
however, that this is the panacea for all the troubles of the stoker 
owner. The problems_ of segregation, arc_hing over in the hopper, 
variation in air requirements, and. changes in the rate of feed are 
familiar to all of us. As a further designation of these problems 
I suggest the term "handling characteristics." There is no doubt 
that a small, closely-sized coal handles more readily. It will not 
segregate in the bin, or arch over in the stoker hopper. It is easier 
to shovel, and the dust control problem is simplified. Its appearance 
offers a visual sales appeal. 
·we cannot therefore entirely eliminate the closely-sized stoker 
coal and offer a universal product suitable for all conditions. For 
those who are prepared to handle the screenings so as to avoid segre-
gation there are many advantages in the mixture of sizes, and greater 
economies may result therefrom. But for those owners with bin feed 
stokers or poorly arranged bins or hoppers the advantages of screen-
ings are offset by the handling characteristics, and it is easier to use a 
sized product. As they become more accustomed to handling stoker 
fuels they will be able to avoid some of the handling difficulties and 
the trend should be toward a mixture containing a wider range of sizes. 
IX. RECENT IMPROVEMENTS IN SMALL STOKERS 
T. A. MARSH* 
If I should say the stoker is 100 per cent perfected you wouldn't 
believe it. Neither would I, nor do we believe that automobiles are 
100 per cent perfected, or houses, or clothes, or any other commodi-
ties. One high authority states that automobiles are about 10 per 
cent perfected, but we are not waiting for the other 90 per cent of 
development before buying, nor are we with houses ·.or our other 
necessities, and I do consider a stoker a necessity in today's standard 
of living. 
Stoker designs have advanced amazingly since the first hous.ehold 
stokers in 1927. To realize this, let us take a back view of the original 
product of 1927. 
Here are its features: 
$525 selling price 
200 pound capacity open hopper 
Cast iron construction 
No automatic air regulation 
Direct motor drive 
Cast feed worm. 
Every one of these features have become obsolete in today's best 
practice. They are operative, yes, and some of the original 1927 
stokers are still in service and giving a good account of themselves, 
just as many a high class car of the same year may be. 
Just to get a quick contrast let's look at a 1938 household stoker. 
The features are: 
$250 selling price 
500 pound capacity closed hopper 
Pressed steel construction 
Automatic air regulation 
Belt drive 
'
1happed steel coal worm. 
To better analyzci the progress in stoker development we can 
classify the improvements into five groups:-
(1) Those that save fuel and reduce fuel bills. In this group are 
included the improved tuyeres, retorts, air volume controls, and 
better knowledge of stoker application. 
*Central Division Engine~r, Iron Fireman Corporation, Chicago, Illinois. 
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(2) Those that increase stoker durability. In this group we find 
steel construction, steel worms finely finished and made. of special 
alloys, and even stainless steel tips. 
(3) Those that increase convenience. In this group we find 'ready 
accessibility, quiet fans, and the accepted design today of bin feed 
and chain drive models wherein the coal is not handled manually 
whatsoever. 
(4) Those that make mechanical operation more efficient. This 
group includes such more highly efficient fans, less excess air and the 
consequent power reduction. Finely ·finished worms of metered 
design also reduce the power of transmitting coal. Highly efficient 
transmissions have also improved mechanical efficiency. 
(5) Those that reduce installation costs. In this group are such 
items as adjusting screws for levelling the stoker on an uneven floor, 
consolidated controls requiring practically no wiring other than 
running power to the control box, and a circuit to a thermostat. 
We can look at some of these features and see just what they are 
in detail and what they mean to the user, the stoker dealer, and the 
coal merchant. 
The most important item among improvements that reduce fuel 
bills has been automatic air volume control. This is naturally the 
case since we have 12 to 15 tons of air for each ton of coal. A proper 
air volume control should synchronize the air and the coal ratio to 
(1) prevent excess air 
(2) prevent a deficiency of air 
(3) interpose a lag in the opening of the air supply to avoid 
"blasting" a porous fuel bed. 
(4) close the air duct during off periods. 
An effective air volume control reduces fuel bills and also nermits 
' ' . 
the use of a wider range of coals. It also requires less attention than a 
manually-controlled stoker. 
Better knowledge of stoker application falls in this group as an 
intangible. From scores of thousands of installations the larger · · 
stoker companies have learned to a high degree the best applicatiop. 
of stokers to boilers, furnaces, coals, loads, draft and other variables. 
Schools are run periodically at the factory and text books are 
prepared disseminating the information gleaned from thousands of 
installations and hundreds of application engineers. 
Features that increase stoker durability include steel construction 
replacing cast iron, an improvement now so standard that. the 
novelty has passed, but an advantage denied to manufacturers with 
limited output justifying only cast iron construction. 
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Feed worms were originally made of cast iron. An intermediate 
step was cast steel with various alloys. A more recent development 
in this group is the cold wrapped steel worm of metered design in 
which the flights are graduated in thickness to better serve their 
purpose. Tips are even made of stainless steel. Such worms have 
great resistance to strain and corrosion and decrease the service cost 
over the period of stoker life. 
Improvements that increase convenience include features of ready 
accessibility to all parts. 
A big feature of convenience now taking the market is found in 
the coal flow model and the bin feed models in which the coal is not 
handled manually whatsoever, but is drawn directly from the bin to 
the boiler or furnace. This is the stoker of the future. It is the stoker 
of today where application is possible. Labor is reduced 90 per cent 
and cleanliness is improved. Such stokers have also found acceptance 
in the commercial and industrial field where labor savings are an 
important item. 
The improvements in mechanical efficiency consist mainly in the 
adoption of fans of the highest efficiency commensurate with quiet 
operation, and operation at the high efficiency section of the operating 
curve. · This involves a laboratory where fan tests can be made, and 
fans proportioned to the work. The curtailment of excess air by 
volumeters has reduced fan loads and power usage. Finely finished 
and correctly proportioned feed worms with no coal packing, and 
highly efficient transmissions have further improved mechanical 
efficiency. 
The last group of improvements mentioned are those that reduce 
installation costs. , This means a lot to everyone. Not only can 
individual costs be reduced but volume can be increased due to these 
decreased costs. 
Among these items are-levelling screws for stokers to avoid 
levelling of uneven floors, and consolidated control instruments, 
·avoiding the need for a control panel and necessitating only the 
power circuit and the thermostat and limit control being brought 
thereto. All board wiring is done at the factory. 
Trends in the industry are to make a finer product and by volume 
gradually reduce production costs, as in the automobile industry. 
The better companies have large and competent laboratories with 
many boilers and furnaces and a corps of technical experts working 
continuous.ly to develop improvements. Back of this is a staff of 
many field engineers and their factory supervisory staff. These engi-
neers make the actual operating contact, and are responsible for 
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many ideas that are submitted to the design staff at the factory. 
With well-managed companies no new ideas are put into the product 
until thoroughly tested in the laboratory, and then field tested on a 
·limited number of observed installations. The point being impressed 
here is that the day of the three or four man engineering staff is over. 
Production and nation-wide service call for engineering as well as 
sales coverage. 
The purchaser, most important of all factors in business, has a 
right to expect a strong engineering staff, continuous research, and 
product improvement from year to year. 
Trends in product seem to run to both smaller and larger sizes. 
In smaller sizes some companies have gone to air space heaters. 
These include a warm air furnace, stoker fired, with forced air cir-
culation humidification, and automatic controls. These units com-
bine the maximum heat transmission combined with balance and 
uniformity in design. The whole unit is styled to attractive lines 
and colors. 
Some companies are also going into the manufacture of larger 
stokers than the usual 1200 pound size. Our company, as you know, 
entered the larger field five years ago, and have many units develop-
ing 500 to 1000 horse power. This was with overfeed spreader 
stokers. Some other companies are increasing their sizes also. 
Stoker design has come a long way since 1927, and the writer 
will assure you that there has been as much development not dis-
cernable to the eye as in the items described which are discernable. 
There are the ratios, the balances, the limits, and all the other 
intangibles incorporated in design to constitute a finished product, 
many determined only by mass experience on scores of thousands 
of units. 
And so with the coordination of those four essentials of modern 
business-the purchaser; competent management; adequate capital; 
and trained employee-the stoker industry has advanced and will 
advance from year to year. 
X. TAKING CHANCES IN COAL SAMPLING 
. HENRY F. HEBLEY* 
No doubt every individual associated with the coal industry, 
either from a production or utilization point of view, has repeatedly 
found it necessary to use coal analyses in his work. Possibly many 
have experienced rather embarrassing situations when the results 
determined on samples analyzed deviated considerably from pre-
conceived notions regarding the true value of the characteristics 
under study. This short discussion has been prepared in an endeavor 
to indicate some of the reasons why these so-called discrepancies 
take place. 
At the outset it may be said that the sampling of coal is one of 
the most difficult problems to solve satisfactorily. Many factors 
work against success. Firstly, coal is a comparatively cheap com-
modity; and it is sold by the ton, not the pound, as in the case of 
metallic minerals. Therefore, any system of sampling adopted must 
be planned with a full realization of the economic value of the 
material under scrutiny. There is a limit to the amount of money 
that can be expended on this problem. 
Secondly, it should be remembered that coal is not a uniform 
material. The very manner in which it was laid down and formed 
has brought about an intimate mixture of materials of varying ash 
content from, say, 2. per cent in the case of the purest of coals, to 
absolute rock. The pressures, buckling, cracking, etc. which the 
seam has experienced through the ages, together with the infiltra-
tion of the ground waters carrying deposits of lime, iron, and other 
impurities, leave the coal seam a very heterogeneous mass. Mining 
operations contaminate the product further through the inclusion 
of dirt from the roof and floor, and such adulteration will vary with 
the type of material lying adjacent to the seam in the working areas. 
As a homely example, if a bo,vl of uniformly made raspberry jelly 
were to be sampled, practically any spoonful of the jelly would be 
representative of the whole, both in color and taste. The coal seam, 
however, can be likened to the various. layers of a choc.olate layer 
cake. If one spoonful of the layer cake were taken, there is great 
probability that the one spoonful would contain a predominance of 
either chocolate filling or cake substance . 
. The solution of this problem, of course, is to take a sufficient num-
•coal Preparation :;\Ianager, Commercial Testing and Engineering Company, Chicago, Illinois. 
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her of spoonfuls to insure adequate representation in the sample of 
the various layers of different ash content contained in the coal seam. 
Simple of statement as this injunction is, it is rarely appreciated 
by the coal industry. Granted, many coal preparation engineers are 
familiar with the importance of this fact; but speaking generally, 
there is always a tendency to draw an inadequate number of spoon-
fuls, or increments, as they are called, on which to base representative 
analytical determinations. 
Another important factor, which increases the difficulty of true 
representation, is the "size-weight ratio." Everyone familiar with 
coal has noticed the segregation brought about when coal comes to 
rest either in a pile or in a railroad car. This tendency of the larger 
particles to roll to the edges, leaving a core of fines in the center, 
must receive adequate allowance in gathering the sample. Briefly, 
the "size-weight ratio" is a measure that has been introduced to 
take care of this factor. It has been studied and so arranged that 
the larger the size of the pieces in the coal being sampled, the greater 
should be the weight of each increment. 
Now to touch upon the title of the article, "Taking Chances in 
Coal Sampling." This title is literally and mathematically true. 
Everyone in drawing a gross sample takes chances. The underlying 
principle of sampling coal can be aptly compared to the tossing or' a 
coin. If a nickel is tossed, provided it is not counterfeit, two events 
will occur. One, of which we are certain, is that it will fall. The 
other, of which we have no certainty whatever, is that it will come 
down "tails." The actual experience or common sense of all of us 
would inform us that because "tails" came down 3 times in succession, 
with no "heads," still further throws or tosses would be required to 
prove what is obvious, that there should be 50 per cent "heads" and 
50 per cent "tails." In other words, the chances are 50/50. Such a 
problem is comparatively simple, as there are only two answers, and 
they 51re clear-cut, or discrete answers. There is no chance of getting 
1~ "heads." 
In coal sampling, however, where the material, as mentioned, 
varies from 2 per cent to 100 per cent ash, with particles from 6-inch 
cubes to the finest dust, and each of varying ash content, one can 
readily visualize the difficulty of obtaining true representation. 
This fact is becoming better appreciated, and amongst many of the 
individuals associated with the coal industry there is a gro
1
wing ten-
dency to adopt more modern methods of study in interpreting the 
analytical determinations of a coal characteristic to take into account 
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TABLE 1 
DRY Asu DETERMINATIONS ARRANGED IN THE ORDER OF THEIR OCCURRENCE 
Illinois No. 6 Seam-Washed No. 5 Nut 
Ash Content, per cent 
7 .97 8.01 9.08 9.40 9.13 7.31 8.34 7.63 8.54 8.47 9;18 7.44 7.77 8.23 8.08 7.62 7.51 7.52 7.70 9.43 8.58 '7.51 7.73 8.04 7.89 8.39 8.66 7.87 7.56 8.34 8.58 7.52 8.27 8.59 8.64 7.67 7.67 8.34 9.37 8.30 8.01 8.70 8.88 9.33 8.63 9.95 9.86 8.18 8.72 7.70 9.90 7.84 8.41 8.46 9.35 7.95 
7.99 9.95 7.26 8.38 8.00 7.93 8.46 8.77 7.32 9.81 9.28 7.73 8.52 8.81 8.46 9.18 8.00 8.61 9.12 9.59 8.90 8.03 8.04 8.81 8.50 8.88 8.64 7.75 9.81 8.33 7.84 8.45 8.68 10.25 8.98 8.36 7.83 7.36 8.63 8.64 9.05 9.57 7.41 8.23 8.16 7 .84 8.45 8.46 7 .97 10.20 8.61 7.67 7.97 8.09 8.40 
' 
9.50 8.18 7.89 8.57 8.02 8.74 8.75 8.48 8.26 7.51 8.24 8.43 9.26 7.09 8.43 8.71· 9.35 10.17 8.79 7.18 8.22 10.06 8.76 8.52 8.94 8.64 7.88 8.32 8.12 8.33 8.68 9.76 8.02 8.26 7.76 8.29 8.69 7.88 8.03 8.72 7 .62 8.13' 8.68 8.17 8.04 7.95 7.47 7.98 9.07 7.76 8.34 8.27 8.06 8.01 7.88 
6.67 7.94 8.13 7.68 8.26 7.15 9.28 8.46 8.62 8.24 8.22 8.97 8.40 7.73 8.60 8.24 7.86 8.15 8.22 9.27 8.18 8.32 8.74 9.16 7.54 8.52 7.91 8.51 7.35 7.83 8.93 8.30 8.13 8.85 7.78 9.65 9.20 8.55 8.11 9.37 8.98 7.66 7.90 7.30 7.88 7.23 7.62 8.85 7.49 8.12 8.22 8.43 9.45 8.36 8.81 
Number of observations: 221; 
Average of all observations: 8.38 per cent dry ash. 
this heterogeneity, or coal variability, by recognizing it, measuring 
the same, and making allowance for its modifying influence. 
For the most part, when a table of ash determinations is placed 
before interested parties, it tends to confuse them (see Table 1). 
Consequently, their first urge is to find the average, or arithmetic 
mean. This figure is the only one with which they are familiar, and 
it is used as the measure of a coal's value, no matter how far the 
individual results spread above and below this central figure. 
Possibly some individual may be of a more inquiring turn of mind, 
and will arrange the determinations from minimum to maximum (see 
Table 2). This procedure yields slightly more information, as it 
readily indicates the average, the minimum, and the maximum. 
Generally the spread between the two latter figures is reported, 
and is called the range. Unfortunately, the average reflects little of 
the manner in which the various determinations group themselves 
around it. Also, studying the range invests the extreme figures with 
an influence they do not rightly deserve, because they are encountered 
so rarely., 
A bett~r way is to arrange the determinations in a series of columns, 
or cells, similar to Table 3. Here it will be noted that by far the 
greater number of determinations have a tendency to cluster closely 
around the average. In fact, this has been called the measure of 
central tendency. 
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TABLE 2 
DRY Asn DETERMINATIONS ARRANGED IN THE ORDER OF 
INCREASING Asu CONTENT 
Illinois No. 6 Seam-Washed No. 5 Nut 
Ash Content, per cent 
6.67 7.54 7.78 7.97 8.11 8.24 
7.09 7.56 7.83 7.97 8.12 8.26 
7.15 7.62 7.83 7.97 8.12 8.26 
7.18 7.62 7.84 7.98 8.13 8.26 
7.23 7.62 7.84 7.99 8.13 8.27 
7.26 7.63 7.84 8.00 8.13 8.27 
7c30 7.66 7.86 8.00 8.15 8.29 
7.31 7.67 7.87 8.01 8.16 8.30 
7.32 7.67 7.88 8.01 8.17 8.30 
7.35 7.67 7.88 8.01 8.18 8.32 
7.36 7.68 7.88 8.02 8.18 8.32 
7.41 7.70 7.88 8.02 8.18 8.33 
7.44 7.70 7.89 8.03 8.22 8.33 
7.47 7.73 7.89 8.03 8.22 8.34 
7.49 7.73 7.90 8.04 8.22 8.34 
7.51 7.73 7.91 8.04 8.22 8.34 
7.51 7.75 7.93 8.04 8.23 8.34 
7.51 7.76 7.94 8.06 8.23 8.36 
7.52 7.76 7.95 8.08 8.24 8.36 
7.52 7.77 7.95 8.09 8.24 8.38 
Number of observations: 221. 
Average of all observations: 8.38 per cent.\ 
Range: Minimum: 6.67 per cent. 































































With this kind of a tabulation, known as a frequency table, 
adequate measures can be made regarding a coal and its variability. 
Briefly, by finding the average, and calculating the deviations of 
each observation from that average, then ascertaining their sum 
without regard to sign, and dividing that sum by the number of 
observations present, a figure will be yielded called the "average 
error." At this juncture it cannot be too strongly stressed that this 
measure called "average error" is in no sense a mistake, but is a 
useful measure of a coal's variability. In the last ten years various 
scientists throughout the world who are interested in coal have 
, worked independently, and have discovered a very important rela-
tion, namely, that within the limits of marketable coal the higher 
the ash content, the greater will be the "average error." Figure 1 
indicates this relation. If the "average errorn of a coal is known, 
then the sampling procedure can be so designed to yield any desired 
accuracy commensurate with the money available, and the utiliza-
tion of the product. 
By multiplying the "average error" by 0.85, a figure known as 
the "probable error" is obtained. Possibly this factor, "probable 
error" is rather hard to understand, but it is a measure of a coal's 
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8.24 8.46 8.75 
8.23 8.46 8.74 
8.00 8.23 8.46 8.74 
8.00 8.22 8.46 8.72 
7.99 8.22 8.45 8.72 
7.98 8.22 8.45 8.71 
7.97 8.22 8.43 8.70 
7.97 8.18 8.43 8.69 
7.97 8.18 8.43 8.68 
7.95 8.18 8.41 8.68 
7.95 8.17 8.40 8.68 
7.94 8.16 8.40 8.66 
7.93 8.15 8.39 8.64 
7.91 8.13 8.38 8.64 
7.90 8.13 8.36 8.64 
7.89 8.13 8.36 8.64 
7.89 8.12 8.34 8.63 8.98 
7.88 8.12 8.34 8.63 8.98 
7.88 8.11 8.34 8.62 8.97 
7.88 8.09 8.34 8.61 8.94 
7.88 8.08 8.33 8.61 8.93 
7.87 8.06 8.33 8.60 8.90 
7.86 8.04 8.32 8.59 8.88 
. 7.84 8.04 8.32 8.58 8.88 
7.84 8.04 8.30 8.58 8.85 
7.84 8.03 8.30 8.57 8.85 
7 .83 8.03 8.29 8.55 8.81 
7.83 8.02 8.27 8.54 8.81 
7.78 8.02 8.27 8.52 8.81 
7.77 8.01 8.26 8.52 8.79 
7.76 8.01 8.26 8.52 8.77 
7.76 8.01 8.26 8.51 8.76 











I to to to to to. 8.00 8.25 8.50 8.75 9.00 
Number of Dry Ash Observations. . • • . . . . . . . 221 
Average Dry Ash .................. 8.38 per cent 
Standard Deviation ................ 0.66 per cent 
Number of Cells ............................. 15 







9.18 9.35 9.95 
9.16 9.35 9.95 
9.13 9.33 9.90 
io.25 9.12 9.28 9.86 
9.08 9.28 9.65 9.81 10.20 
9.07 9.27 9.59 9.81 10.17 
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average of 10 per cent ash, and the "probable error" was calculated 
to be 1 per cent ash, then it could be stated that 50 of the 100 deter-
minations would fall between 10 plus or minus 1; or, from 9 per cent 
to 11 per cent ash. The other 50 determinations would either be 
below 9 per cent or above 11 per cent. 
Thus it will be seen that with this new factor introduced, those 
interested in coal can conveniently compare competitive coals, not 
only on their average ash contents, but on their variability. It is 
quite possible to have two coals of the same ash content, and yet one 
will vary a great deal more than the other. In any use of coal, uni-
formity of product is second only to purity. · 
In order to investigate the heterogeneity of coal, various sizes 
from different seams have been studied to ascertain if they conform 
to what is known as the normal variability. Figure 2, showing curves 
Nos. 2 to 7, inclusive, which have been based on coals derived from 
various parts of the United States and Great Britain, indicates that 
the results array themselves in a definite shape, bearing out the truth 
of the statement regarding the variation in coal sampling. 
Possibly the question may arise in one's mind regarding the value 
of such studies. Figure 3 indicates a typical practical application, 
wherein a purchasing agent has set a definite limit of 8.5 per cent ash 
on coal being produced for steam generation. Any consignment 
whose ash content is over 8.5 per cent will be subjected to a penalty. 
Here are 5 competitive coals. It will be noted that the lowest average 
ash coal has 1 consignment out of 100 subjected to penalty. The 
coal having the second lowest ash percentage, however, suffers 
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Top Size 
l\:linimum No. of incre-
ments ................ 
l\linimum wt.• of incre-
ment-lb ............. 
l\linimum wt. gross sample 
-lb ................. 
TABLE 4 
SAMPLING l\IETHOD FOR COAL CLASSED ACCORDING TO Asn CONTENT 
"Commercial Procedure" 
Less than 8 per cent Ash 8.0 per cent to 9.9 per cent Ash 10.0 per cent to 14.9 per cent Ash 
Group 1 Group2 Group3 Group4 Group 1 Group2 Group3 Group4 Group 1 Group2 Group3 Group4 
------------ ------------
------------
%in. l}iin. 2 in. 6in. %in. l}iin. 2 in. 6 in. %in. l}iin. 2 in. 6in. 
or to to to or to to to or to to to 
Less %in. l}i in. 2 in. Less %in. l}iin. 2 in. Less %in. l}i in. 2 in. 
------------ ------------------------
15 15 15. 15 20 20 20 20 35 35 35 35 
2 4 6 10 2 4 6 10 2 4 6 10 
30 60 90 150 40 80 120 200 70 140 210 350 
15.0 per cent Ash and Over 
Group 1 Group2 Group3 Group4 
------------
%in. l}iin. 2 in. .6 in. 
or to to to 
Less %in. l}iin. 2 in. 
------------
35 35 35 35 
2 4 6 10 



























"Industrial Procedure" multiply increments in commercial procedure by 4. ~ 
Based on A.S.T.111. Designation D492-38T. . > 
Note: If the weight of increment exceeds the table value, fn no case shall the number of increments be r~duced, but the iveight of gross sample will be more >-:l 
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penalties 21 times out of every 100; while 2 other coals, although 
higher in average ash content, encounter penalties only 16 .and 11 
times, respectively. The fifth coal, although its average ash per-
centage is lower than the tolerance limit, would suffer penalties so 
often that it could not compete economically. 
The method of arriving at the number of penalties to be en-
countered is based on the percentage relation of the area underneath 
the curve and lying to the right of the tolerance limit, to the whole 
area underlying the whole curve. Such a set of curves is difficult 
to apply. Therefore, the separate line diagram has been plotted to 
yield the same result in a more convenient form. 
In recent months the A.S.T.M. has adopted new Tentative 
Standards regarding commercial sampling, based on the foregoing 
facts. The Society has set up a method of sampling procedure 
yielding an accuracy such that if a certain coal be sampled 100 times, 
then 95 of those observations would fall within plus or minus 1/10 of 
the average ash content. 
As an example, if 100 observations yield an average ash of 
10 per cent, the sampling should be so accurate as to yield 95 results 
between 9 per cent and 11 per cent, with 5 of the results being either 
below 9 per cent or above 11 per cent. Inasmuch as there is no coal 
with no per cent ash, but a lot of coal with a much higher percentage 
of ash, there will be a greater likelihood of finding the results on the 
high side, or above 11 per cent. 
In order to attain this accuracy, the A.S.T.M. has prepared the 
following table (Table 4): 
A few notes are required regarding the practical application of 
the foregoing table, and they have been prepared at this point in 
short, succinct sentences, each· carrying a single thought: 
Methods of Sampling (Commercial Work) 
·wherever possible, obtain the sample from moving coal. 
Always cut the stream completely with some receptacle, being 
sure that it is never filled to overflowing. 
Take more than the minimum number of cuts or increments 
mentioned in Table 4. 
As far as practicable, strive to space the increments uniformly 
throughout the coal sampled. 
Be sure that each increment is approximately the same size, and 
that every increment contains the minimum weight as given in 
Table 4. 
If it is impossible to obtain a sample from moving coal, then it 
must be gathered from railroad cars or piles . 
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In the cases of large piles, they should be divided into at least 
5 equal zones; and an independent sample should be collected from 
each zone, in accordance with Table 4. 
Each sample should be reduced and analyzed separately. 
The average of these determinations will give an estimate of the 
true characteristics of the coal sampled. 
Always remember that segregation has taken place when coal has 
come to rest. 
Great pains should be expended in attempting to obtain the right 
proportions of the various sizes that make up the coal pile; and such a 
requirement is difficult to fulfill. 
Always dig down to the lower surfaces of the coal pile before 
taking the increment or cut. 
Difficulty may be experienced due to the avalanching of the coal 
during the removal of the top layers; if such i~ the case, it is sug-
gested that a special, pointed shovel, holding approximately 8 lb., be 
driven boldly into the side of the pile and lifted vertically, allowing 
the coal above to shed off the full shovel. 
In sampling cars, a good method is to wait until the car is broken; 
fresh faces will be exposed after some of the coal has been removed; 
and the sampler will then be enabled to obtain his shovelsful from 
various sections of the exposed faces. 
Another good method is to dig three trenches across the car at 
the center and quarter points of the car; these should be dug to a 
depth of at least 18 inches; and the pointed shovel should then be 
filled by scraping up the sides of the trenches so formed, or scraping 
off the bottom. 
Space the increments evenly throughout the cars. 
In sampling cars it is advisable to take more than the minimum 
number of increments called for in Table 4, and no reduction in weight 
per increment should be allowed, even though more of them are taken. 
If moisture is a question, it is advisable to take a separate moisture 
sample weighing at least 100 lbs. 
Moisture samples may be conveniently collected by placing the 
cut, or increment, immediately in a standard milk can immediately 
made air-tight. 
During the gathering of the increments, it is advisable to prevent, 
as far as possible, moisture loss to the air by drying. 
Do not expect two or three lumps, or a Mason fruit jar of any coal 
in its original size to yield a fair representation of the coal sampled. 
Try to adopt the thought that each laboratory determination is 
an indication of the coal's quality. 
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Always remember that if the sample has been poorly gathered, 
the indication likewise will be poor. 
Bear in mind, also, that, notwithstanding the collection of a repre-
sentative sample, if it is poorly crushed and divided before reaching 
the analyist in the laboratory, the indication will be poor. 
While laboratory determinations are made on accurate scientific 
instruments by skilled technicians, it should be remembered that 
these laboratory determinations arc no more accurate than the 
samples from which they are derived. 
Always remember that when you have but one determination of 
any coal characteristic, such as ash, there is no indication as to 
whether it is close to the average, or on the high or low side. 
On the other hand, if there are at least 5 determinations on a 
consignment, or bulk of coal, a good indication may be obtained of 
the coal's true worth if such coal contains approximately 6 per cent 
ash or less. 
In dealing with coals having approximately 10 per cent ash, better 
results will be derived by obtaining 10 independent observations. 
If an individual is lucky enough to obtain over 300 determinations 
on a certain characteristic of one coal, the average of that large 
number will not be far from the true average of the coal, providing 
the sampling has not suffered from a constant sampling error. 
The average of any coal characteristic will never convey a com-
plete picture of the coal, as all consumers of coal are interested in the 
spread above and below the average. . 
In most cases it is unfair to the coal producer to mention the 
maximum and minimum figures (the range), as well as the average. 
The range gives a false impression regarding a coal's variability; 
it is better to use other measures, which take into account the rarity 
with which the extreme figures are encountered; the measure also 
modifies the influence of such extreme figures. 
Also remember that in cases of dispute, where large sums of 
money are at stake, a scientific sampling procedure, properly calcu-
lated, may dispel wrong impressions gained from one sample. 
In all specifications the producer should protect himself by 
requiring that any consignment in question should be re-sampled in 
a scientific manner. 
Methods of Sampling (Industrial Work) 
Industrial sampling for power plants and boiler tests requires 
greater accuracy; therefore the number of increments should be from 
three to four times the number given in Table 4. 
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TABLE 5 
Weight of Sample 
to be Divided 
lb. 
1000 or over ..•....... 
500 •.•••••••.•.••• ·'· 
250 ..•••...••••••••• 
Largest Size of Coal 
and Impurities 
Allowable in Sample 
Defore Division 
in. 
Based on A.S.T.M. Designation D21-16. 
Weight of Sample 
to be Divided 
lb. 
125 ...............•.. 
Largest Size of Coal 
and Impurities 
Allowable in Sample 
Before Division 
in. 
60... ..•... .... ..... ~ 
30. . . • . • . • . . • . • . . . . . \\is or to pass a 4760-
Micron No. 4 Sieve 
Because of the high boiler room temperatures so frequently 
experienced, for accurate work a separate sample for moisture is 
imperative. 
Cases have been known in which the test efficiency of a boiler 
during an acceptance test has been influenced so greatly by the results 
of sampling that the boiler has been considered unacceptable. 
To prevent such a condition, acceptance tests should give the 
boiler and stoker manufacturer the right to conduct a second ac-
ceptance test; and during this second test the coal should be sampled 
in duplicate, paying strict attention to the n:timber of increments 
taken and the correct sample reduction. 
If coal is weighed in wheelbarrows, using a specially shaped 
shovel, driven boldly into the load, and depositing the samples so 
taken in air-tight receptacl<l'il, will generally yield the required number 
of increments, and gross sample by the end of the test. 
The sample reduction should follow closely the instructions given 
hereinafter under that heading. 
Having gathered the gross sample, the next problem is to properly 
reduce it to laboratory size. During this preparation there is great 
danger of nullifying the accuracy gained by the conscientious collec-
tion of the fuel. To obviate this, Table 5, covering the weights and 
size of the gross sample during its reduction, has been given by the 
A.S.T.M. If samples are manually reduced strictly in accordance 
with this table, it will be found that the time and energy required 
are so great and tiresome as to cause the worker to skimp the work. 
A better plan is to crush the gross sample in a small hammer mill, 
which will rapidly and uniformly reduce it to approximately minus 
4-mesh (minus H 6 in.). The sample should then be riffied in riffie 
buckets, in place of coning and quartering, as greater segregation 
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I 
should then be further crushed until a 20-mesh yroduct is obtained; 
! and finally it should be ground to 60-mesh arid forwarded to the 
,. 
laboratory for analytical determination. ! 
A few further suggestions are given at this point to help those 
reducing gross samples to maintain the require? accuracy . 
./ 
Sample Reduction / 
All gross samples should be crushed before dividing to the labora-
tory quantity. / 
Such crushing should at least be in a~cordance with Table 5; 
it is even better to crush directly to No. 41 mesh size before dividing 
the gross sample. By so doing, many of the errors of reduction will 
be avoided. · 
It may be said that more variability is brought about due to poor 
collection and poor reduction of the sample than by variation in the 
coal seam itself and the laboratory variations brought about by the 
manipulation of scientific instruments and by the analyst. 
Assure yourself that all samples have been conscientiously col-
lected and reduced in accordance with these rules; and the subsequent 
analytical determinations will yield, practically every time, a close 
estimate of the true value of the coal characteristic under scrutiny. 
Jn conclusion, it is felt that if these few instructions are faithfully 
followed, the analytical results obtained from the samples will yield 
a representative result on which reliance can be placed; and if the 
results are properly tabulated, the individual dealing with them will 
be in possession of far more useful data for application to the various 
problems. 
XI. THE DESIGNING OF DOMESTIC BOILERS 
1
FOR STOKER FIRING 
\ 
w. B. HUGHES* 
I 
What is or what 1l;Jhould be the design of an efficient domestic 
stoker boiler? The answer is, strange as it may seem, nobody 
knows'-the necessary 'research work to determine what form the 
design should take has "not yet been done. Such factors as com-
bustion space required, hhadroom heights, and effective arrangement 
of heating surfaces, are '~till factors governed more by personal 
opinions than by proven scientific facts. 
Very little has been done toward developing a domestic boiler 
to be used exclusively for stoker firing due to the following reasons: 
(1) There has not been a sufficient volume of business to justify 
the expense involved in designing and manufacturing such a boiler. 
(2) The performance of stokers installed in existing boilers 
designed for hand firing is reasonably satisfactory. Results and 
economies effected are much greater than are possible with other 
automatic firing devices using competitive fuels. This fact has been 
a major selling appeal used by all stoker manufacturers, an appeal 
largely responsible for the stoker industry's growth. Obviously, 
therefore, the stoker industry has manifested no real interest in the 
developl)lent of an exclusive stoker boiler. 
(3) The boiler industry has felt, and rightly so, that the domestic 
stoker was still in the development stage. Any boiler that might 
be designed would probably become obsolete before a volume of 
business sufficient to justify the development and manufacturing 
cost could be obtained. 
(4) With the conversion market that it has, the stoker industry 
has not been very much interested in the highly competitive new 
home market. Consequently, only a limited volume of business 
could be expected from the new home market-the market to which 
a boiler manufacturer must look for a substantial volume of his 
business. 
The domestic stoke~ is still a comparatively new product. The 
first really dependable stoker was introduced in 1931. Since that time 
the growth and development of both stoker and boiler has closely 
paralleled that of the oil burner and boiler during its early days. 
The first approval of an oil burner by the Underwriters' Labora-
tory occurred in 1919. It was not until 1932, thirteen years later, 
•Manager of Stoker Division, Butler Manufacturing Company, Kansas City, Missouri. 
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that the fi~st boiler designed exclusively for oil firing was introduced. 
All oil burner installations made prior to that time were in existing 
boilers designed for hand firing. The introduction of the new oil-
burning boiler had an immediate stimulating effect on the oil burner 
industry. Both oil burner and oil-burning boiler sales increased 
rapidly, oil burner sales far exceeding the former peak established 
in 1929 .. 
With the rapid growth and development of the stoker industry 
there has come a gradual realization of the· fact that while .stokers 
installed in existing hand-fired boilers effect substantial economies, 
a boiler designed especially to meet the characteristics and require-
ments of automatic coal firing is necessary for results comparable 
to those obtained with other automatic fuels. 
1. Boilers as Built in the Past.-The design and construction 
of boilers built before the advent of automatic coal firing was 
necessarily different from that of a boiler now needed to meet the 
characteristics and requirements of automatic coal firing. Entirely 
different conditions prevailed. 
2. Heat Transfer.-Before heat can be transferred to the water 
in the boiler, it has first to be created. Under hand-fired conditions 
this is accomplished by burning the coal on grates. With stoker 
firing it is accomplished by burning the coal under forced draft in · 
the stoker retort and over a firebox or dead plate area over which 
the stoker can efficiently distribute and burn the coal. After the 
heat has been created, it has to be transferred to the water in the 
boiler. This transfer is· done mainly by radiation and convection. 
The transfer by radiation originates from the fuel bed; the transfer 
by convection is done by the flue gases which con'vey heat to the 
boiler surfaces. 
The transfer of heat by radiation is in reality not dependent upon 
the size of the heat-receiving surface, but is in direct proportion to 
the size of the radiating surface, which is the fuel bed. ·Furthermore, 
it also depends on the area and temperature of the fuel bed, hence 
the larger and hotter the fuel bed the more radiant heat transferred 
by radiation. The more heat that is transferred by radiation, the 
less remains to be transferred by the flue gases. Therefore, boilers 
with proportionately large and hot radiating fuel beds need not have 
as much surface in the flues, because the flue gases have less heat 
to transfer. 
Under hand-fired conditions prevailing in the past most of the 
heat generated was transferred to the boiler surfaces by radiation .. 
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Thus, it is obvious that these boilers had large firebox and grate 
areas. The secondary heating surfaces or flue areas were corr-espond-
ingly small. Too, these boilers were built before very much had 
been done in the way of coal preparation. The coal was dirty and 
the ash content was high. Therefore, the size of the openings in the 
flue passes were large so as to permit reasonably larger quantities 
of soot and fly ash to collect in the passages without materially 
lowering the boiler's operating efficiency or requiring too frequent 
cleaning periods. 
3. Stoker Fired Conditions.-Entirely different conditions prevail 
with stokers installed in these boilers. First of all, more coal per 
sq. ft. of grate area is burned, and burned at a more rapid rate. 
Second, with the exception of the very small boilers, all the grate 
area is not used due to the fact that the stoker is unable to properly 
distribute and burn coal over these larger grate areas. Thus, it is 
clearly seen that more heat must be transferred by convection than 
was the case under hand-fired conditions, and in the majority of 
cases the amount of secondary heating surfaces or flue passes is not 
sufficient for the proper absorption of the heat transferred to them. 
This, of course, results in high stack temperatures and inefficient 
operation. Stokers installed in these boilers do, however, usually 
result in very substantial fuel savings. This is due to several reasons: 
(1) Under hand-fired conditions these boilers were usually ineffi-
ciently fired, so naturally with the stoker more efficient combustion 
results. 
(2) Firebox temperatures with stoker firing are from 25 to 40 per 
cent higher than temperatures under hand-fired conditions, which in 
turn means greater intensity in the radiant heat transfer. 
(3) The coal used for stoker firing is in most cases lower in cost 
than coal formerly purchased for hand firing. 
Bituminous Coal. Research, Inc., during the 1935-36 heating 
season made a series of tests and a survey of the heating requirements 
and fuels used in thirty homes in Columbus, Ohio. From the data 
obtained it was estimated that the average seasonal efficiency of the 
conversion stoker installation was approximately 55 per cent, or only 
10 per cent higher than the average hand-fired plant. Thus, it is 
obvious that if coal is to successfully compete with other automatic 
fuels, a scientifically designed stoker boiler is necessary. 
4. Change in Heating Standards.-Besides the conditions enu-
merated so far, there are others of equal or greater importance which 
must be considered and which further point out the need for a modern 
stoker boiler. During the past two years there has come a better 
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understanding and a more general public acceptance of the v_arious 
functions that are or should be incorporated in the design and 
installation of modern heating plants. 
Heating, as we have generally known and considered it, has 
undergone radical changes. The old style conventional steam and 
hot water plant which has served our needs for half a century has 
suddenly been replaced by the modern plant of today \Vhich embraces 
all, or at least some, of the phases of both heating and air condition-
ing. As a matter of fact, heating and air conditio~ing, with the 
exception of cooling and dehumidification, are inseparable-they are 
one and the same thing. 
5. Automatic Firing.-A stoker boiler unit in reality becomes the 
heart of the present-day modern system. The unit is called upon to 
satisfy new demands and to meet more exacting requirements than 
was the case in the old style plant. · 
In the modern plant both the factors of radiation and convection 
are used to a far greater extent than was formerly the case. Forced 
hot water heating, and smaller pipe sizes as a result of the general 
use of copper pipe in heating are two of the recent improvements. 
There are many others too numerous to discuss at this time. These 
improvements have made the modern plant much more. responsive 
and flexible than the old. Consequently, a much closer control of 
both heat generation and heat liberation and heat absorption is 
·required. 
Simply supplying heat on a cold day is no longer sufficient. 
There must be a close control in heat distribution and a regulation 
of the amount of heat supplied in accord with outside temperatures 
and internal conditions if satisfactory results are to be expected. 
6. Requirements of a Satisfactory Stoker Boiler.-The requirements 
of a satisfactory stoker boiler may be enumerated as follows: 
(1) It must supply heat economically 
(2) It must supply heat quickly when needed 
(3) It must supply heat not for just a brief period of time, but 
over reasonably long ope.rating periods at a steady rate 
(4) The firebox area and the flue areas must be designed so that, 
together with the desired amount of fuel, an area is provided that 
will insure efficient performance at average output. 
(5) It must operate with low draft loss, but be able at certain 
points to develop a high draft so that rapid pick-up is assured 
(6) It must be easy to operate 
(7) It must be easy to clean. 
Some work has been done in the way of developing design features 
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that meet these requirements. Many of them have been incor-
porated in the construction of boilers now on the market. As a 
result, there has been a marked improvement in both stoker and 
boiler operating efficiencies. 
A discussion of these new features, together with suggestions for 
further improvements should prove interesting and instructive. 
7. Metal Used in Boiler Construction.-It is not our intention to 
discuss the merits or cast-iron boilers versus steel boilers, or vice 
versa; both have their advantages. There is, however, a general 
misunderstanding regarding the kind of metal used in relation to the 
metal's effect on efficient boiler operation or performance. 
The kind of1 metal used in the manufacture of domestic boilers 
has very little to do with the transfer of heat to the water in the 
boiler. Heat is transferred through the boiler plate by conduction. 
From the standpoint of thermal conductivity the advantage would 
seemingly be in favor of cast iron, the thermal conductivity of cast 
iron being 363 as compared to 314 with steel, or nearly 16 per cent 
greater. This, however, has little or no bearing on the problem as 
any metal used in boiler construction will transfer heat faster than 
it can be supplied. The problem is not primarily one of thermal 
conductivity, it is a convection problem, since the transfer of heat 
from the boiler surfaces to the water in the boiler is by convection, 
or the circulation of the water over the inside boiler surfaces. The 
principle is the same whatever may be the nature of the transmitting · 
and heat absorbing media. Limiting factors are the amount of fuel 
which can be burned and the circulation of water which can be 
obtained within the boiler. 
8. Design Characteristics of Domestic Stoker Boiler.-The following 
suggested specifications should result in a boiler not only more 
adaptable to the characteristics and requirements of automatic coal 
firing, but also to the needs and requirements of the modern heating 
and air-conditioning system. 
Increased Heating Surface.-First of all a good domestic stoker 
boiler should have approximately 25 per cent more heating surface 
than a boiler which is to be used for hand firing. This heating 
·surface should all be water-backed so that maximum heat absorption 
is assured. 
Design of Gas Passages.-There should be a double gallery of 
gas passages which increases the length of gas travel. The .ratio of 
the in.direct heating surfaces in these passages to the direct heating 
surfaces in the firebox and combustion chamber should be approxi-
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mately 25 per cent greater than that generally prevailing in hand-
fired boilers. The shape and size of the openings in the passages 
should be arranged so that the hot gases moving through them 
thoroughly scrub the exposed heating surfaces, since more heating 
is done by convection than is the case with hand-fired boilers. The 
lower gallery or the lower bank of tubes should be somewhat greater 
in area than the upper gallery or upper bank of tubes. The reason 
for this is obvious, the gases being cooled to a considerable degree 
by the time they reach the upper gallery or upper bank of tubes. 
Design of Sections.-With cast-iron boilers the sections should 
provide large and effective heating surfaces with no soot-catching 
crevices to lower the boiler efficiency. A grind strip should be pro-
vided around outer rims and around flues in sections which provide 
a permanent iron-to-iron fit between sections, thus preventing waste-
ful inleakage of air. 
Uptakes between sections, sometimes desirable in hand-fired 
boilers, are undesirable in stoker-fired boilers and frequently result 
in low operating efficiencies. The hot gases, instead of being forced 
to travel along and scrub the entire crown sheet of the boiler, pass 
up between sections into the flues. 'The areas of the uptakes often 
are so large that they cause the gases to move slowly, resulting in 
low heat transfer, and in addition front uptakes provide a short 
circuit for the gases. The longer the boiler, the more pronounced is 
this condition. The stack temperature may be low, but this is 
usually due to the lower C02 content obtained, the stack being 
cooled down by the mixing of cold air with the hot gases. 
Door Design.-All doors should have ground contact surfaces 
which fit against a grind strip on the front of the boiler section, 
thus insuring a tight fit. Fire doors should be equipped with suit-
able heat-resisting baffles to prevent warping. The baffles should 
have an inclined surface which extends at least the width of the 
boiler door sill so that fly ash deposits slide back into the firebox and 
do not pile up on the door sill so that when the fire door is opened the 
fly ash falls out on the boiler room floor. 
Draft Resistance.-The draft resistance through the boiler should 
be reduced to a minimum and design output should be developed 
on especially low-draft tension. 
Before discussing the remaining features, let us see if we cannot 
picture in our minds just what the features just mentioned mean 
in the way of better stoker and boiler operation. The function of a 
stoker is to feed and burn a given amount of coal in a certain period 
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of time in the most efficient manner, thereby releasing the greatest 
amount of heat energy. The function of the boiler is to absorb as 
much of this released heat energy as possible, before it reaches the 
chimney, to heat the water in the boiler or to make steam with 
which to supply the heating·system. Thus, it is clear that for eco-
nomical stoker boiler operation, the work done by the stoker and 
boiler must be properly coordinated. · 
In order to burn coal, a certain amount of oxygen is required, 
which in turn means that a certain amount of air containing this 
oxygen has to be supplied. Any air beyond this amount is excess 
air. Some excess air is always needed because the air distribution 
is never exact enough so that just the right amount of oxygen is 
always where it is needed, hence by supplying an excess amount of 
air there is everywhere enough oxygen to satisfy the requirements. 
This amount of excess air should, however, be kept as low as possible, 
because the larger the amount of excess air the larger the amount 
of gases rising from the fuel bed and the lower the gas temperature. 
It is quite obvious that a lump of coal can heat a small quantity 
of air to a higher temperature than a large quantity. A high tem-
perature is, however, desirable as it keeps the fuel bed hot, and it 
is easier to transfer the heat to the. boiler surfaces from a small 
amount of hot gases than from a large amount of cooler gases. 
There is still another reason why high temperature in the gases 
rising from the fuel bed is desirable. These gases usually contain 
some combustible matter which has to be burned by secondary air 
above the fuel bed. This combustible matter burns only if kept at a 
sufficiently high temperature. Naturally, the gases giving up heat 
to the boiler cool down, therefore the higher the initial temperature, 
the longer before the gases cool below the ignition temperature of 
the combustible matter. It is desirable to have the gases at a tem-
perature above the ignition temperature of the combustible matter 
in order to give the matter more time to burn out. This shows also 
that it is helpful to keep the heat loss from the gases low until the 
combustible matter is burned. This can be done by forcing the gases 
to travel either to the front or rear of the boiler before they are 
subject to the chilling effects of the flues. Uptakes in front or rear 
are therefore preferable to uptakes between sections, as in the latter 
case the gases are chilled too quickly, and the time given the com-
bustible matter to burn out is reduced. In any event, only a part 
of the heat is transferred to the water in the firebox section of the 
boiler, and the combustion gases depart from the firebox at a high 
temperature. 
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It becomes now the duty of the flue surfaces to extract this hea.t 
from the gases. Naturally, only such parts of the flue surfaces as 
come into contact with the flue gases can partake in such heat 
extraction. Surfaces hidden a way in recesses or covered by baffle 
plates, etc., can obviously not partake in this heat extraction because 
they are out of the way of the gas strea-di. Therefore, a square foot 
of flue surface can contribute much, little, or nothing to the extrac-
tion of heat, depending on where it is located and how intimate its 
contact with the flue gas is. 
Just how the gas travels is very easily determined by putting 
yourself in its place. You would go the most convenient' way, and 
so does the gas. The tendency is, of course, to go the shortest way, 
but if these passages are over-crowded by other gases, then a little 
detour through less crowded passages is more convenient. 
On this passage through the flues, some surfaces will be thoroughly 
scrubbed by the gas, others but slightly brushed, others just touched 
occasionally, and those deep in the recesses will not be touched at all. 
Obviously, the scrubbed surfaces do the best work, and the ones ill 
the recesses do not do anything at all. 
There are some more points to be considered in evaluating the 
effectiveness of flue surfaces. The longer the path the gases have to 
travel through the flues, the more time they have to lose their heat. 
Consequently, long flue travels arc advantageous. The faster the 
· gasewmove, the stronger is their scrubbing action, and, consequently, 
a square foot of surface in a fast moving gas stream receives more 
heat than one in a sluggish stream. The more the gas stream is sub-
divided into small parallel streams, the better is the chance of the gas 
particles travelling in the core of the stream to reach the flue surfaces. / 
Hence, it is advantageous to subdivide the flue passage. 
Of course, all these methods of improving the heat transfer have 
their limitations; too much subdividing results in too small flues 
which are liable to ~log up; too high flues lead to high draft resistance; 
too long flues make the boiler longer and more costly. A happy 
compromise has to be found to show all 'to the best advantage. 
From the foregoing it is obvious that a square foot of flue surface 
may act very differently depending on just how well it is placed. 
While a square foot of flue surface is always 144 sq. in. of surface, it 
is by no means always 144 sq. in. of active surface. Howeve.r, the 
active surface is what counts. Just hiding away somewhere in the 
boiler some surface which is not reached by the gases is just so much 
dead weight, adding nothing as far as the boiler performance is 
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concerned; but, of course, it can be listed in the catalog and summed 
up to an impressive figure. 
As already mentioned, it is easier to transfer the heat from a small 
amount of high temperature gases than from a large amount of cooler 
gases. This is quite obvious as the heat transfer takes place in direct 
relation to the temperature difference between the gas and boiler 
surface. This is the reason why boilers should be tight. A leakage 
between sections allows air to mix with the flue gases, thus reducing 
the temperature of the gases and increasing the amount of gas. 
This gives a larger amount of cooler gases, and is just what is not 
wanted because a larger amount of cooler gases carries away more 
heat than a smaller amount of warmer gases. If enough cold air 
leaks .in between the sections, around doors, or in other places, the 
stack temperature goes down, but lowered stack temperatures under 
these conditions result in inefficient operation of the boiler. For 
instance, if the amount of the gas was doubled by inleaking air, the 
stack temperature would have to be reduced to half in order to 
have the same stack loss. 
In reality, the stack temperature is not reduced so much, there-
fore more heat is carried away by the diluted flue gases than would 
be the case in a tight boiler. In addition, the chimney carries more 
gases but at a lower temperature. As the temperature is what makes 
the chimney go, the draft with diluted low temperature gases is poor. 
Consequently, such leaky boilers have a slow pickup and do not 
reach such high outputs as tight boilers. The question of stack 
temperature has probably been more generally misunderstood than 
anything in connection with satisfactory boiler operation. Low 
stack temperature docs not necessarily mean an efficiently operating 
boiler. In order to judge the quality of combustion and the efficient 
operation of the boiler an analysis of the stack gas is necessary. 
High C02 indicates good combustion and good operation. Low 
C02 indicates poor combustion and poor operation. Many boilers 
with an excess amount of i1,1active heating surface operate at a low 
stack temperature, but usually with low C02. A reasonably high 
stack temperature, together with a high C02 performance indicates 
both efficient combustion and satisfactory boiler operation. Tests 
made on several boilers in which these design features have been 
incorporated and in which leading makes of stokers have been in-
stalled, show the following average performances: At normal rating 
ti,combined stoker and boiler efficiency of 75 per cent, C02 perform-
.ance of 12 per cent, stack temperature approximately 620 deg. F., 
and a draft loss of 1/100 inches. From these figures it is quite easy 
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to see that the new design features outlined have all contributed to 
the efficient performance of the stoker and boiler, giving a per-
formance that has not been possible in boilers in which these features 
have not been incorporated. 
9. Additional Design Features.-Firebox and Combustion Space.-
There must be sufficient room between retort and boiler side walls: 
for the formation and deposit of clinkers or the removal of ash. In 
square or rectangular boilers a desirable minimum firebox diameter 
of 21 inches and an absolute minimum of 18 inches is required for 
satisfactory stoker perfor_mance. 
The amount of combustion space required depends largely on the 
amount of heat the boiler is capable of absorbing. With present 
design an average of one foot for each three and one-half pounds of 
coal burned has proven practical. Four and one-half pounds of coal 
burned per cubic foot of combustion space is about the maximum 
for present domestic stoker boilers. 
Large Steam Disengaging Area.-The steam disengaging area 
should be large enough to insure dry. steam and a minimum of 
turbulence. 
Large Top Nipples.-In cast-iron boilers, large top nipples, not 
less than seven inches in diameter, which extend below the water 
line should be used for connecting sections. Tl{ese large top nipples 
insure free water circulation and equal heating in all parts of the 
boiler. This type of construction also eliminates the necessity for 
tapping all sections and using a manifold when the installation of a 
water heater is desired. 
TV ater C~ntent.-The total water content should be small so that 
quick heating of the water and rapid circulation will take place. 
Remember, under automatic firing conditions, higher temperatures 
are obtained than under hand-fired conditions. Faster circulation 
is therefore needed to take advantage of this greater heat. While 
the total water content should be small, there must be at the water 
line and immediately over the crown sheet sections a large quantity 
of water. With stoker firing, crown sheet sections are subjected to 
very high temperatures, therefore a large quantity of water over 
these sections is very important. Proper proportioning of the water 
content results in quick pick-up and flexible operation. 
Control Tappihgs.-Tappings f6r a:ll types of control instruments 
should be provided, which eliminate the necessity for drilling and 
tapping sections or shell on the job. A tapping approximately 272; 
inches in diameter is necessary for connecting water heaters. 
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Base Design.-An adjustable base, or provision for a base to be 
constructed of the required height should be included in the design. 
If the base is constructed of metal it should be equipped with re-
movable side panels which permit stokers to be installed from either 
side, front, or rear. 
Boiler I nsulation.-The commonly-used air cell asbestos insulation 
used in boiler jackets is insufficient. In addition to this the boiler 
should be covered with mineral wool or some satisfactory insulation. 
Since the year-around heating of service water is now a feature 
with "domestic stoker boilers, hot basements will be the result of 
insufficient insulation. Too, proper insulation soon pays for itself 
in fuel saved. 
Fly Ash.-Fly ash is probably one of the most difficult problems 
connected with stoker firing. A fly ash settling chamber should be 
provided in the rear of the boiler, where the fly ash can be trapped 
before entering the gas passages or flues. The American Radiator 
and Titusville Boilers Companies have recently done some important 
work in designing boilers with fly ash elimination features. A study 
of these designs is suggested. 
Jacket Design.-Beauty and eye appeal is just as important in 
the design of domestic boiler jackets as it is in any other domestic 
appliance. Provision should be made for the recessing of water-
column glasses and other boiler instruments. 
10. Future Design.-The market is rapidly reaching the stage 
when sales of domestic boilers designed exclusively for stoker firing 
will justify the expense of producing such a boiler. Within a short 
time sales of automatically-fired boilers will far outnumber sales of 
hand-fired boilers. 
Within the past all boilers manufactured have followed the same 
conventional design as far as shape and arrangement of heating 
surfaces have been concerned. This has been necessary due to the 
restrictions placed on the design by the fixed arrangement of grates 
for hand firing. 
This type of design necessarily ~ust change. To overcome the 
fly ash problem vertical surfaces should replace horizontal surfaces 
wherever possible. This will mean a change in the arrangement of 
the indirect heating surfaces. 
In the future it is my personal opinion that welded steel construc-
tion will be used more and more, due. to the high cost of pattern 
equipment necessary for cast-iron construction. 
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The domestic stoker boiler of tomorrow will come into being 
. · only as a result of cooperative work done by boiler and stoker 
manufacturers and coal producers. When this work becomes an 
accomplished reality we can expect the domestic stoker boiler of 
tomorrow to bear about the same resemblance to the boiler of today 
as today's automobile does to the automobile of 1901. 
XII. THE STOKER-FIRED. WARM-AIR FURNACE 
IN THE RESEARCH RESIDENCE 
SEICHI KONZO* 
Fuel, furnace, stoker, and automatic controls may be considered 
as the four primary components in the heat generating mechanism 
of a forced warm-air heating system fired by means of a mechanical 
stoker. The· desirable operating characteristics for each component 
are shown in Table 1. In the tests conducted in the Warm Air Re-
search Residence, the attention has been directed, not so much ,to 
the individual components, as to the overall performance of all!of 
TABLE 1 
CHARACTERISTICS DESIRED IN STOKER-FURNACE HEATING UNIT 
A. Coal 
1. Dustless coal, properly sized 
2. No tendency to form unwieldy coke trees 
3. No tendency to form massive hard clinkers 
B. Furnace 
1. Adequate combustion chamber 
2. Adequate heating surface 
3. Ease in removal of clinkers 
4. Ease in removal of fly ash 
C. Stoker 
1. Quiet operation 
2. Adequate hopper capaoity 
3. Maximum life of equipment 
4. l\.tinimum operating cost 
5. Protection against damage to feed screw 
6. Fairly rapid pick-up 
7. Smokeless combustion during on periods and off periods 8. Minimum fly ash 
9. Uniformity in combustion over fuel bed 
10. Efficient combustion; low flue gas temperature arid high CO, 
D. Controls 
1. Exact control of room temperatures 
2. Minimum overheating in extremely mild weather . 
3. Protection against damage to furnace 
4. Control over range of bonnet air temperatures 
the components when operated under service conditions. The suc-
cessful adaptation of a mechanical stoker to a forced-air heating 
system requires a thorough knowledge of the inherent behavior of 
that system under service conditions, and the utilization of the 
proper type of control equipment to coordinate the stoker with the 
furnace and the circulating fan. 
A progress report entitled "Performance of Stoker-Fired and 
Hand-Fired ·warm-Air Furnaces in the Research Residence" by 
*Special Research Assistant Professor of l\1echanical Engineering, University of Illinois, Urbana, Illinois. 
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FIG. 1. DIAGRAM OF CONVERSION STOKER INSTALLATION IN FURNACE, 
RESEARCH RESIDENCE, SEASON 1937-1938 
A. P. Kratz, S. Konzo, and R. B. Engdahl was presented as a 
technical paper* before the American Society of Heating and Ven-
tilating Engineers. The material contained in the original report has 
been condensed and modified for this paper in order to emphasize 
the operating characteristics of a forced warm-air system when used 
in connection with an intermittently operated stoker. 
1. Description of Heating Equipment.-The Residencet is a three-
story structure of standard frame construction, for which the calcu-
lated heat losses were approximately 159 000 B.t.u. per hr. at an 
indoor-outdoor temperature difference of 80 deg. F. 
The heating plant consisted of a warm-air furnace used in con-
nection with a forced-air heating system. The centrifugal fan in the 
forced-air system delivered approximately 1675 cu. ft. of air per min. 
which was recirculated through the house. The conversion stoker 
installation is shown in Fig. 1. The fuel burned in these tests was a 
high volatile bituminous coal, obtained from Saline County, Illinois, 
the characteristics of which are shown in Table 2. In general the fuel 
used proved satisfactory for both hand firing and stoker firing. 
*Published in A.S.H.V.E. Journal, Section of Heating, Piping and Air Conditioning Magazine, 
Nov. 1930, pp. 732-742. 
t"Investigation of Warm Air Furnaces and Heating Systems, Part VI" by A. P. Kratz and 
S. Konzo, Univ. of Ill. Eng. Exp. Sta. Bulletin 266. 
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TABLE 2 
CHARACTERISTICS OF COALS 
General Designation 
Size .................................... Stove (2in.x1% in.) State. • . . . . . . . • . . . . • . • . . . . . • . • . . . . . • • • . . Illinois ~~~,;ty: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : '. : : §'..'lln~. 
Type................................... Non-caking Treatment ............................... Washed, oil-treated 
Proximate Analysis (as received) per cent: 
Moisture •..•.....••........••..•...•..•. 
Volatile matter ......................... . 
Fixed carbon ...•.•.......••....••.••..•• 
Ash ••••..••• ~ ..••.........••......•.... 
Ultimate Analysis (dry basis) per cent: 
Carbon ...••.....••.......•.......• .' .•.. 
Hydrogen ...•..................••.....•. 
Oxygen ............................... .. 
Nitrogen, •.....••••............•.•...... 
Sulphur ............•...•................ 
Ash ..................... ., ............. . 
Calorific Value, D.t.u. per lb. 
Coal as received .••.....•......•••....... 
Dry coal .......................... .. 
Unit coal. •••....................... Air required, lb. per lb. dry coal. .•.•.....• 
Friability index, Dw, per cent• ............ . 
Ash Characteristics, deg. F. t 
Initial deformation ..••............•.....• Softening temperature ...................• 











































•University of Illinois Engineering Experiment Station Bulletin No. 218. tAverage values from Illinois State Geological Survey for Saline County coal. 
The control of the heating plant was accomplished by means.of a 
room thermostat operating to start and stop the stoker motor, or 
to open and close the ash-pit damper, and to start and stop the cir-
culating fan, as shown in Fig. 2. This room .thermostat was used in 
conjunction with two bonnet thermostats which served as high-
and low-limit controls for the temperature of the air in the furnace 
bonnet. The room thermostat, which was of the heat-anticipating 
type, was located on an inside wall of the dining room at a height 
60 in. from the floor, and was adjusted to maintain an average air 
temperature of 72 deg. F. in all of the rooms of the Residence both 
day and night. Further discussion of the control equipment is pre-
sented in a later section of this paper. 
2. Method of Conducting Tests.-For each series of tests, data were 
obtained for a wide range of outdoor weather conditions, and signifi-
cant values for each 24 hour period were plotted against the difference 
in temperature existing between the indoors and the outdoors for 
the same period, as shown in Figs. 3 and 5. 
In the first series of tests the furnace was fired by hand at 
11 A.M., 4 P.M., 10 P.M., and 7 A.l\L daily. The fuel bed was poked, 
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ror Stoker or OO'mper Motor 
Frn. 2. SIMPLIFIED WIRING DIAGRAM FOR CONTROL OF FAN MoTOR AND STOKER 
MOTOR (OR DAMPER MOTOR), RESEARCH RESIDENCE 
INSTALLATION, SEASON 1937-1938 
grates shaken, and ashes and clinkers removed once each day, except 
in extremely mild weather when the_ fuel bed was disturbed only 
once every two or three days. Previous to each firing of the fuel 
the live coals and coke in the fuel bed were shoved back toward the 
rear of the fire pot and the fresh charge of coal was fired in the front. 
The overfire damper in the firing door was wide open at all times. 
Both the ash-pit damper and the check damper in the smoke pipe 
were operated by means of the damper motor. ·with the fuel used, 
the rate of combustion was found to be extremely responsive to in-
creases in draft. The method of firing employed and the attention 
given to the furnace may be considered as simulating normally good 
firing practice. 
In the second series of tests the furnace was fired by means of a 
mechanical stoker. At 11 A.l\I. each day the clinkers were removed, 
the fuel bed levelled, and the hopper filled with coal. During ex-
tremely mild weather no attention was given the fuel bed or hopper, 
except as required every two or three days. The overfire damper in 
the firing door was left open at all times. A balanced check damper 
was installed in the clean out of the chimney and was adjusted 
to maintain a draft in the smoke pipe of about 0.05 in. of water. 
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Fro. 4. TEMPERATURE AND C02 RECORDS FOR STOKER-FIRED PLANT 
(OvERFIRE DAMPER CLosED) 
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In these tests the rate of coal feed to the furnace was 48.6 lb. per hr. 
and the burning rate during the on periods of the stoker was approxi-
mately 18 lb. per hr. Subsequent tests have shown that the results 
obtained with this adjustment of feed rate and air rate were as 
good, if not better, than those obtained with a feed rate of 27 lb. 
per hr. and a burning rate of approximately 18 lb. per hr. 
It was observed in the second series of tests that considerable 
burning accompanied by low C02 content of the flue gas occurred 
during the off periods of the stoker. Since the burning that occurred 
during these relatively long periods was undoubtedly augmented by 
the air entering through the overfire damper, the third series of tests 
were run with the overfire damper closed. In all other respects the 
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In all respects, therefore,' the tests for hand firing and stoker 
firing were made under comparable conditions of good operation. 
The results obtained with hand firing may be considered as a standard 
of good performance based on the use of properly-sized coal, recom-
mended firing practice, and good thermostatic control. Any devia-
tions from this method of hand firing would undoubtedly result in a 
performance different from that obtained. Such an evaluation of 
hand firing technique is no doubt necessary in order to interpret 
the comparisons made in this paper in terms of what might have 
happened if some one of the innumerable poorer methods of firing had 
been used. Tests of this nature would prove of great practical value 
if carried out under field conditions and would probably serve to 
evaluate any given method of firing in terms of the standard which 
has been referred to in this paper. Such tests, however, were beyond 
the scope. of this research program and hence were not made. 
3. Performance of Hand-Fired and Stoker-Fired Plants.-
(a) Control.-More exact regulation of the room temperatures in 
the house, and particularly of the bonnet air temperatures, was ob-
tained with the stoker-fired plant than with the hand-fired plant. 
(b) Fuel Consumption.-The weight of coal burned in the hand-
fired plant (curve No. 1 in Fig. 3) was less than that burned in the 
stoker-fired plant in which the overfire damper was wide open 
(curve No. 2), but was greater than that burned in the stoker-fired 
plant in which the overfire damper was closed (curve No. 3). In the 
case of the hand-fired plant the fuel was burned comparatively 
uniformly, while in the case of the stoker-fired plant . with both 
methods of operation the evolution of heat was not as uniform, as is 
indicated by the record shown in Fig. 4. Furthermore, the burning 
that occurred during the off periods of stoker operation was accom-
panied by a lower C0 2 content of the flue gas, particularly when the 
overfire damper was open. 
(c) Off-period Burning.-In other types of intermittent firing the 
combustion process is usually on or off; whereas, in intermittent 
stoker operation the combustion may be considered as a high-low 
burning process. Since the total time of stoker operation per day, 
as indicated in the second group of curves from the top of Fig. 5, 
was ordinarily less than 5 hours, the off-period burning constituted 
an important part of the entire burning process. The result was 
that high or low C02 contents and temperatures of the flue gas 
occurring during these off periods were reflected in corresponding 
high or low average C02 contents and flue gas temperatures, as shown 
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TABLE 3 
' COMBUSTION CHARACTERISTICS* OF THREE METHODS OF FIRING 
Curve Weight of Averaget Averaget 
Firing Method No. Coal Burned, C02in Temperature in lb. Flue Gas, of Flue Gas 
Fig. 3 per day per cent deg. F. 
Hand Firing 
Overfire damper open •.........•....... 1 138 9.6 480 
Stoker Firing 
Overfire damper open, ..•......•.•..•.. 2 154 6.8 545 
Stoker Firing 
Overfire damper closed ............ , , ... 3 128 8.6 440 
*Values selected from the performance curves in Fig. 3 for an indoor-outdoor temperature difference of 34 deg. F. 
tValues are average of those obtained during both the on periods and off periods of stoker operation. 
in Table 3. The reduced fuel consumption obtained when the overtire 
damper was closed, as compared with that obtained when the over-
tire damper was open, can be accounted for by the improvements 
in combustion during the off periods of the stoker. This reduction 
in fuel consumption, however, was accompanied by the production 
of some smoke and soot. 
A reasonable amount of off-period burning is desirable, since it 
tends to promote a more uniform rate of heat evolution. This 
burning should be done efficiently, and without excessive production 
of smoke. 
(d) Coal Price.-Efficiencies alone are not a fair criterion of 
heating costs. Under local conditions a price differential of approxi-
mately $1.25 per ton existed in favor of the coal used for the stoker-
fired plant. 
(e) Operation of Stoker.-As shown in Fig. 5, the electrical energy 
consumption of the stoker for an average winter day was approxi-
mately 0.6 kw-hr. per day .. The energy consumption of the stoker 
motor per ton of coal fired was 7.8 kw-hr. It is probable that with 
smaller rates of coal feed to the furnace the values shown in Fig. 5 
would have been larger. 
(f) Attendance Time.-Measurements were made by means of a 
stopwatch of the time consumed in shaking grates, removing ashes 
or clinkers, firing coal into the furnace or hopper, and levelling the 
fuel bed. The total time consumed per day is shown in the lower 
group of curves in Fig. 5. If it is desired to account for the time 
necessary to walk from. the living room to the furnace and back, an 
addition of 4 X 1. 75 or 7.0 minutes for the hand-fired plant and 
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TABLE 4 
OVERALL HOUSE EFFICIENCIES IN RESEARCH RESIDENCE 
Overall 
Method of Firing House Efficiency 
per cent 
Stoker-fired, overfire damper open. . . . . . . . . • . 67 
Oil-conversion.. . • . • • • . . • . . . . . . . . . . . . . • • • • • 72 
Bituminous hand fired . . • • • • • • • . • . . . . . . . . . • 7 5 
Stoker-fired, overfire damper closed. • . . . . . . . • 80 
Oil-burning furnace. • . . . . . . . . . . . . . • . • . • . . . • 82 
Anthracite, hand fired.... . • . • . • . . . . . • . . . • • • 90 
Values are based on indoor-outdoor temperature difference of 34 
deg. F. All values were obtained from actual fuel inputs. 
The forced-air heating system was automatically controlled. Out-
side chimney was in use. 
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1% minutes for the stoker-fired plant may be added to the values 
shown in Fig. 5. The total time consumed in attending the furnace 
on an average day was 15 + 7 = 22 minutes for the hand-fired plant 
and 8 + 1% = 9% minutes for the stoker-fired plant, or a difference 
of 127,i minutes per day. For a heating season consisting of 200 days, 
this difference would amount to approximately 41 hours. 
(g) Over:all House Ejficiency.-The significance of overall house 
.efficiency was discussed in a previous publication,* and further data 
on this subject were obtained on the stoker tests. The overall house 
. efficiency, or the ratio of the heat loss from the house to the heat 
input to the furnace, takes into account the entire house as well as 
the heating unit, and hence is numerically greater than the usually-
quoted bonnet or unit efficiency. The values obtained for an average 
day are shown in Table 4 and indicate that for a stoker-fired plant 
the efficiencies may vary from 67 per cent to 80 per cent. 
(h) Smoke Density.-The amount and duration of the smoke pro:-
duced by the hand-fired furnace were largely dependent upon the 
temperature of the fuel bed at and immediately following the time 
of firing. When coal was added to a comparatively hot fuel bed it 
was rapidly volatilized and large 'quantities of smoke were evolved 
for a period of approximately 15 minutes after the coal was fired. 
Under these conditions the smoke given off by the fresh charge of 
coal exceeded the maximum limit of six minutes per hour of No. 3 
Ringelmann density, established in many smoke ordinances. 
*"Investigation of Warm-Air Furnaces and Heating Systems. Part IV" by A. C. Willard, A. P. 
Kratz, and V. S. Day. Univ. of Ill. Eng. Exp. Sta. Bulletin 189, Chapter 5. 
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In both cases with stoker firing the density of smoke during the 
on periods of the stoker was less than No. 1 Ringelmann and could be 
considered as practically negligible. During the period of approxi-
mately thirty seconds after the stoker was stopped the smoke density 
increased sharply to attain a maximum value of about No. 3 Ringel-
mann. It then decreased rapidly during the succeeding two minutes. 
For a few seconds in each hour a smoke density of No. 3 Ringelmann 
was obtained. The smoke conditions accompanying the use of the 
stoker-fired furnace with. the overfire damper open could be con-
sidered as entirely satisfactory. However, with the overfire damper 
closed, the combustion which occurred during the off periods of the 
stoker was accompanied by some evolution of smoke and the forma-
tion of soot which coated the heating surfaces. Hence, although the 
closing of the overfire damper resulted in better fuel economy, this 
economy was obtained at a sacrifice of clean heating surfaces. Even 
with the overfire damper closed, however, the smoke density was 
well within the limits established in many smoke ordinances. Some 
amount of overfire air was necessary in order to prevent the accu-
mulation of soot. It is probable that the amount of overfire air 
necessary would to a great extent be dependent upon the type of coal 
and the ratio of the coal feed rate to the burning rate. 
(i) Fly Ash.-An inspection of the radiator, the smoke pipe, and 
the chimney cleanout indicated that in the case of the stoker-fired 
plant considerable amounts of fly ash were deposited. Determina- · 
tions made by observing the difference in weights between the 
theoretical ash in the coal and the actual weight of clinkers and ash 
removed, indicated that the amount of fly ·ash was approximately 
7.8 lb. per ton of coal fired. It is evident that narrow flue passages, 
and particularly horizontal passages, will tend to accumulate this 
fly ash, and will in time tend to reduce the heat transmission and also 
interfere with the proper disposal of the flue gases. 
4. Control System for Stoker-Fired Plants.-
( a) Continuous Fan and Burner Operation.-From the stand-
point of ideal thermostatic control of a forced, warm-air heating 
system the following conditions would be desirable: 
(1) Continuous combustion just sufficient at all times to satisfy 
the heating demands of the house for all outdoor temperatures 
(2) Continuous and modulated circulation of heated air by the 
circulating fan at a temperature just sufficient to heat the house. 
The first condition is usually not obtained in an iritermittently-
fired heating plant, since the burning rate is adjusted to a maximum 
value sufficient to heat the house under extreme weather conditions 
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and the regulation of the combustion rate to satisfy milder heating 
demands is obtained by intermittent operation of the burner. - The 
off-period combustion that occurs with the mechanical stoker does, 
however, serve a useful purpose by tending to smooth out the 
variations in the combustion rate between the on periods and the 
off periods. 
On account of the electrical costs, continous operation of the 
circulating fan is not commonly used except in large heating plants; 
Recent developments in two-speed fan operation* have shown that 
continuous fan operation, even with reduced air flow, gives improved 
performance without material increase in operating cost as com-
pared with intermittent, single-speed fan operation. However, the 
large majority of forced-air heating systems utilize intermittent fan 
operation and hence the discussion on thermostatic controls will be 
confined to that type of operation. 
(b) Operating Characteristics of Forced-air System.-The inherent 
and unique characteristics of a forced-air heating system should be 
appreciated if suitable control equipment is to be provided. These 
characteristics are: 
(1) Rapid response to heat demand. When the room thermostat 
calls for heat the room temperatures begin to rise within about ten 
seconds after the fan begins to operate. 
(2) Gravity heating action during off periods of fan. The rooms on 
the second and third story arc heated to some extent during the off 
periods of the fan by gravity action. Uncontrolled bonnet air tem-
peratures that deviate widely from a mean value arc not desirable 
since the balance in the distribution of heat to various rooms fo the 
house may be affected. 
(3) Generation of heat only as required. Long and infrequent 
operations of the heat generating device are not conducive to the 
maintenance of uniform bonnet air temperatures. A reasonable 
amount of reserve heat is desirable, but in general the heat generation 
should be frequent and of short duration. 
(4) Maintenance of minimum combustion rate to satisfy de-
mands. Rigid regulation of the bonnet air and room air temperatures 
can be obtained by controlling the combustion process so that the 
heat generated is a minimum which will just satisfy the demands 
of the house. 
(c) Limitations of a Commonly-used Control System.-The line 
diagram in the left side of Fig. 6 shows a simple, and commonly-used, 
•"Study of Methods of Control and Types of Registers as Affecting Temperature Variation in 
the Research Residence" by A. P. Kratz and S. Konzo, A.S.H.V.E. Journal Section, Heating, Piping 
and Air Conditioning Magazine, Vol. 9, No. 12, Dec. 1937, pp. 747 and 753. 





Frn. 6. WIRING DIAGRAM AND OPERATING CYCLE FOR ONE METHOD OF CoNTROL 
control system in which a room thermostat controls the operation 
of the stoker motor alone, and a bonnet thermostat controls the 
operation of the fan motor alone. The line diagram shown in the 
right side of Fig. 6 shows the sequence of events leading to overruns 
in the room air temperature. When the room air temperature is high 
(point 1), the room thermostat is satisfied. Since the bonnet air 
temperature is low (point 2), the fan does not operate, and the 
reserve heat in the bonnet causes the bonnet air temperature to rise. 
When the room temperature falls and the room thermostat demands 
heat (point 3), the stoker begins operating (point 4). The room 
temperature falls below subnormal (point 5) until the bonnet air 
temperature has risen to a temperature high enough to start the fan 
(point 6). The fan operates until the temperature in the bonnet is 
reduced to the lower limit (point 9), resulting in an overrun in room 
temperature (point 10). The stoker stops operating (point 8) when 
the room temperature has risen to the temperature indicated by 
point 7. · 
Simplicity is to be desired, but in this case is achieved with a 
sacrifice in performance, since the room air temperatures are allowed 
to fall below and overrun the desired value, and an appreciablelag 
exists between the time the room thermostat demands heat and 
that at w.hich the circulating fan begins to operate. 
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Fro. 7. OPERATING CYCLE FOR RECOMMENDED TYPE OF CONTROL SYSTEM 
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(d) Recommended Control for Forced-air System.-The extensive 
investigation* of automatic controls conducted in the Residence has 
shown that the control arrangement shown in modified form in Fig. 2 
is most satisfactory for forced-air heating systems untilizing solid, 
liquid, or gaseous fuels. The typical operating charts shown in Fig. 4 
illustrate the exact control maintained over the room air, bonnet air, 
and flue gas temperatures during normal operation. The four condi-
tions of operation which may be encountered and for which the 
controls should function satisfactorily are shown in the line diagrams 
in Fig. 7. 
Case A-Normal intermittent operation with bonnet air tem-
peratures at normal range. The records in Fig 4 illustrate this normal 
operation. When th\) room thermostat demands heat (point 1) 
both the fan and stoker begin operating (point 2), and when the 
room thermostat is satisfied (point 3) both fan and stoker stop 
operating (point 4). 
•Loe. cit., footnote 2. 
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Case B-Bonnet temperatures subnormal. The bonnet air tem-
peratures may be subnormal (point 1) in extremely mild weather 
when there is little demand for heat, or previous to a morning "pick-
up period." In the latter case the long period of stoker operation 
(point 2) following the increase in the setting of the room thermostat 
is interrupted whenever the bonnet temperature exceeds a prede-
termined value, and no overheating occurs in the room or in the 
bonnet during the operation of the fan. 
Case C-Bonnet temperatures above normal. The bonnet tem-
peratures may be above normal (point 1) for a short period following 
a long "pick-up period" and after the fan shuts down. The bonnet 
air temperatures may also be above normal during ordinary opera-
tion if a large amount of off-period burning (point 2) should occur 
after the stoker stops operating. When high bonnet air temperatures 
prevail the heating demands are satisfied by relatively shorter 
periods of fan operation (point 3). Furthermore, the high-limit 
bonnet thermostat tends to shorten the duration of the on period of 
the stoker (point 4), which in turn tends to reduce the bonnet air 
temperatures back to normal range. The control system shown in 
Fig. 6 would not satisfactorily handle this situation. 
Case D-In extremely mild weather when no heating demand 
exists, the hold-fire time switch operates the stoker at definite time 
intervals in order to preserve the fire in the fuel bed. In the case of 
forced warm-air and gravity warm-air systems, advantage can be 
taken of the direct relationship that exists between the bonnet air 
temperature and the rate of burning during the off periods of the 
stoker. By connecting the hold-fire time switch in series with the 
bonnet thermostat, as shown in Fig. 2, the hold-fire time switch will 
operate only when the bonnet air temperature falls below a prede-
termined value (point 1). Hence when the bonnet air temperature is 
high (point 2), which is the case only when the fuel bed is fairly active 
and there is no danger of the fire going out, the stoker will not operate 
(point 3), and overheating is minimized during this period. 
The automatic control system which has been described will, 
therefore, coordinate the operation of the stoker with that of the 
circulating fan to provide rigid regulation of temperatures of room 
air, bonnet air, and flue gas at all times and under all possible con-
ditions of service. 
'• 
' .• 
XIII. COAL AROUND THE WORLD 
JOHN c. COSGROVE* 
After a long time of dreaming, studying and planning a trip 
around the world, with perhaps not too much hope of ever being able 
to actually make such a trip, I found that I really could go. On con-
siderable further study, I arrived at the conclusion that the best way 
to go would be on one of the regular around-the-world cruise ships. 
'Vhile we were forced to move along on a regular pre-arranged 
itinerary, there seemed no doubt that such a trip, so carefully planned 
in advance, would afford the best opportunity to circle the globe. 
One could hardly make a trip around the world within a reasonable 
length of time, or at least the length of time that most business men 
could afford, without a carefully planned-in-advance itinerary, so 
that it boiled itself down to going around on a regular cruise ship with 
almost everything planned in advance, or going by a series of ships 
with the schedule planned, but the details left to work out at each 
stop, and our decision finally fell to the cruise ship. 
It was just five minutes past midnight, the night of Wednesday, 
January 5, 1938, that Mrs. Cosgrove and I sailed from New York 
HarlJor and there could not be a more attractive time to sail out of 
this busy harbor. Imagine, if you can, a bright, crisp January mid-
night with the lights playing on the water, the tug boats whistling 
and snorting as they got our big cruise ship under way. It was a 
most enchanting scene as we sailed down the Hudson River, past 
the Battery, the Statue of Liberty, and out in the Bay, but before 
actually sailing, we had that delightful hour of farewells with our 
friends, which is always tinged with a slight note of sadness, espe-
cially so in this case, because we were starting on a trip which was 
to take almost half a year and carry us to the most distant parts 
of the world. 
To go on a cruise ship is a most delightful way of making such a 
trip because we continued with the same ship all the way. When we 
left it for a short interval to travel inland, we always found it waiting 
on our return, and it never ceased to be a surprise to step aboard and 
find the familiar faces of friends and crew, or to step into our cabin 
and find our things just as we had left them. The ship came to be 
very much our home. The first day aboard, we unpacked our be-
longings and settled ourselves, very much as we would in arriving 
*Consulting Engineer, Johnstown, Pennsylvania: President, Bituminous Coal Research, Incor· 
porated. 
113 
114 ILLINOIS ENGINEERING EXPERIMENT STATION 
at a hotel for a prolonged stay, except that the room we would occupy 
was much smaller and more compact, although not very much 
smaller than the space they call a room in some of the more recently 
built city hotels. In spite of the restrictions of space, our quarters 
were so planned that every bit of it was useful and we were quite 
comfortable. 
The trip was to completely circle the globe, to cover over forty 
thousand miles and stop at thirty ports. Without naming all the 
various countries and islands, our route went from New York to 
Trinidad, to South America, via South Africa to the Orient, to India, 
to the Malay States, to lndo-China, to the Philippines, to Australia, 
to New Zealand, to Fiji and across the Pacific home, via Honolulu. 
In starting on this trip, it was intended to be purely one of 
pleasure. Mrs. Cosgrove and I had been thinking, talking, and 
studying about it for the past ten years, waiting for the opportunity, 
and in all that time we had not given any consideration to the mining 
or engineering interests that might be met along the way, but I soon 
found that it was not so easy to get away from the interests and work 
of a life time. Mining is an occupation that is pursued by sub-
stantially all of the peoples of the world in one form or another, 
and I will try to give here briefly some of the things of interest that 
developed on this trip . 
. I will give some of the information I picked-up about coal at the . 
various stops on the trip. It is not. my intention to make this a 
complete, technical study of coal or coal mining in the various 
countries, but more to outline the general information that the mining 
engineer and coal operator would absorb in his travels. I will make 
reference to coal and coal mining in some of the countries that I did 
not visit where it seems of sufficient interpst to this paper or where 
it was of interest to the countries actually visited. 
Coal is the universal fuel, and is in use everywhere there is com-
merce and industry. Even on our ship, which, like practically all 
ocean liners was an oil burner, a considerable quantity of coal was 
used for cooking. 
Trinidad 
Our first stop, after leaving New York, was at Port of Spain on 
the Island of Trinidad, and while this island looks like a mere dot on 
the maps, it is quite a substantial place of abo.ut nineteen thousand 
square miles with a population of four hundred thousand people. 
It is one of the possessions of Great Britain in the West Indies and 
is noted, among mining men, for its justly famous Pitch Lake. I will 
not try to go into much of a description, except to say that Pitch Lake 
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looks like a small inland lake, but it is full of asphalt instead of 
,~ water. and for many years the greater portion of our asphalt was 
mined from here. It has the unusual and interesting condition of 
being fed from below and the holes or spaces from which asphalt 
is mined one day are entirely filled up or erased by the next. The 
asphalt is quite firm on top, but varies somewhat in hardness, some 
spots being softer. A boy in his bare feet demonstrated the softness 
by selecting such a spot and then tramping his feet up and down. 
They gradually sank down into the asphalt to a depth of eight or 
ten inches. As soon as he stepped out of the hole, it began to slowly 
fill up and in the course of a few hours was entirely filled. Most of 
the deposit is much harder and can be broken up in chunks with a 
pick and that is the way it is mined. The chunks are loaded by hand 
into the cars which are hauled by a cable on the track to the process-
ing plant on the edge of the lake. 
This lake is apparently of comparatively recent origin, because 
sticking about here and there in the asphalt are old stumps and 
trunks of dead trees. It is fed from the oil-bearing strata under-
neath and I was informed that the level of the lake has receded 
somewhat as a result of the mining, but the material is fluid enough to 
. keep itself leveled out. 
As would naturally be expected, oil has been discovered and 
Trinidad· is gradually growing in its importance as an oil producer. 
Oil derricks are seen at various places on the Island. Some of them 
are located around Pitch Lake. 
One of the sights of interest, and there are many to the tourist 
visiting Trinidad, is the population of Hindus and Bengalis from 
India. These people were brought here years ago to work on the 
plantations and brought along their Hindu religion and customs 
and one can visit their temples and see them living as they do in 
their home land. 
Brazil 
From Trinidad, we sailed on to Brazil, stopping at ·Bahia and 
Rio de Janeiro. Brazil is a large country and is particularly well 
known to the people of the United States because it is the largest 
producer of coffee. The area of Brazil is a little larger than the area 
of the United States, and the country has a population of thirty 
million people. It lies both north and south of the equator. 
Rio, as it is usually called for brevity, has been greatly advertised 
for its beauty and it is just as beautiful a city as the advertisements 
would lead you to believe. It is situated along a beautiful harbor 
backed up by high mountains and it is a marvelous sight from the 
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upper decks of the approaching ship. Rio is one of the magic cities 
of the world; The dazzling city lies in a pure curve along BQtafogo 
Bay, while Sugar Loaf Mountain rising at the west and Corcovado, 
raising its jagged peak from the very heart of the city, stand guard. 
Not far in the background, the "Five Fingers of God" of the Organ 
Mountains arc raised as if in benediction. To be atop Sugar Loaf 
at the close of the day and sec the lights come on along the five mile 
half circle, white marble promenade of the Bay is a sight long to 
be remembered. 
As most people know, Brazil is a country in which mining is an 
important industry. It is the second largest producer of diamonds 
:and produces large quantities of semi-precious stones. In recent 
years, it has had a substantial and growing coal industry, and while 
-the greatest portion of its coal requirement is imported, its own 
production is fast approaching one million tons per year, and it is 
-very interesting to note that the production has doubled in the past 
-eight years-quite a contrast to the trend of coal production in the 
United States. On inquiring about the coal business at Rio, I was 
informed that the Brazilian government has been pressing the 
development of native resources and has a government requirement 
that a certain proportion of Brazilian coal must be used by all 
consumers. 
When I learned about the large imports of coal into Brazil and 
discovered that the greater portion came from Great Britain and 
Germany, I was naturally curious to know why the United States 
did not share in this business. The importers told me that there 
was no reason why they should not use coal from the United States 
except the terms of payment. They said that our quality was all 
right, that the cost of imported and American coals was about the 
same delivered, but whereas they could get sixty or ninety days 
credit from European firms, the Americans wanted cash f.o.b. ship. 
The exchange 'vas controlled by the Brazilian government and 
difficult to get and they just could not meet the American terms, even 
if they were inclined to do so, which they were not. 
The imports of coal, coke, and briquettes, which I include under 
one head as coal, have remained comparatively steady the past few 
years at about 1 500 000 tons per year. The imports for the year 
1935 were 1 459 700 tons, for 1936 they were 1 421 616 tons, for 1937, 
they were 1 800 000 tons and for the year 1938 at a slightly lower 
rate. About two-thirds of this coal is imported at Rio, the balance 
being scattered at various ports, the largest being Santos. There 
has been some shifting in the country of origin from which the coal 
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imports have come in recent years. The proportion from Great 
,• Britain has fallen and the imports from Germany have substantially 
increased: The imports originating in the other countries, including 
.the United States of America, have decreased a little and Germany 
has apparently absorbed all the loss and the small amount of growth. 
.• 
At the same time, the production of Brazilian coal was increasing 
at an unusually rapid rate. For example, production in Brazil in 
1930 was 402 230 tons; in 1933, it was 698·668 tons and in 1937, it 
was 840 826. 
The total tonnage imported and mined is very small when you 
compare it with the United States, but the great difference is brought 
about by several factors, the most important of which is the greater 
industrial development, the larger population, and colder climate in 
the United States. 
When we sailed down the beautiful land-locked harbor, we realized 
that we had seen and known one of the world's most queenly cities. 
South Africa 
On our way from Brazil to South Africa, we stopped at the little 
island in the south Atlantic Ocean on which Napoleon was exiled, 
St. ;Helena, a bleak looking little island, very mountainous and for-
bidding. Napoleon m~st have thought on his arrival there that it 
was the climax of all his troubles and so it was, for here he died. 
His tomb, although his body was removed from it to France, along 
with the house where he lived, are the points of greatest interest. 
Aside from the topography, there is nothing much to see there and it 
is rather difficult to understand why people continue to live there. 
In due course, we arrived at the harbor of Cape Town, South 
Africa, and what a beautiful setting! The harbor itself does not 
differ much from harbors in general, but the natural setting for the 
city is beautiful. The city, located around the bay, starts at the 
water's edge and rises gradually to the foot of Table Mountain. 
Table Mountain gets its name from its long, flat top, over which the 
white clouds drape almost every morning like a white table cloth. 
In South Africa, it is the common custom, in considering the 
population of the towns and cities, to count the white population. 
Usually the blacks very much outnumber the whites. In some 
places, the blacks outnumber the whites many times. In Cape Town, 
the white population is divided almost equally between those of 
British descent and those of Dutch descent and they are a most 
friendly and hospitable people. 
As one travels about the Union of South Africa, it is hard to 
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believe that it was discovered by Europeans the same year as 
America, 1492, but it was-by the Portugese. For many years it 
was used only by ships as a stopping place and a place of refuge and 
the settlement and development by white people came much later. 
On the walls of the post office at Cape Town is a stone with these 
words cut on it: "Hereunder look for letters," a survival of the old 
days when such a stone with the name of the ship and "Hereunder 
look for letters" was the only post office in half the world for the 
sailors plying the trade from the East. 
Because the records of our ship carried a rather complete account 
of each· of the individuals and their connections, the newspaper 
reporters at Cape Town, our first South African stop, soon learned · 
of my interest in the coal business. They found that I was President 
of Bituminous Coal Research, Inc. and they pounced upon me for 
information about the more recent developments in the United 
States. I found that there was a considerable interest in coal 
research, particularly in the hydrogenation of coal in order to 
obtain oil. South Africa, being plentifully supplied with coal and 
not having any natural petroleum, has been giving attention to 
what is going on over the world in this respect. They are familiar 
with the production of gasoline in England and in Germany and the 
efforts being made in other countries. All the gasoline now used in 
South Africa is imported and is very expensive, so they are looking 
forward to some method of producing their requirements. Recently, 
there has been built near Johannesburg a refinery for the manufacture 
of gasoline from Turbanite, which is sometimes called "kerosene 
shale." It is a dense, coal-black shale of which, I .am told, South 
Africa has a plentiful supply, and is mined in some parts of the 
country immediately under the coal. The information obtainable 
about the work of this refinery so far was very meager, but it would 
seem that the problem is no different there than anywhere else; 
that is, the problem of being able to extract the oil on a competitive 
cost basis. 
After spending a few days in Cape Town, we sailed around the 
Cape of Good Hope, stopped briefly at Port Elizabeth, which is a 
very thriving industrial city, and has grown in a comparatively 
short time to a population of 100 000. Sailing from Cape Town to 
Port Elizabeth is what the sailors call "doubling the Cape." As soon 
as the Cape of Good Hope was passed, we were in the Indiaii Ocean 
and starting to travel northward. Then we sailed on to Durban, a 
city that might be along the Mediterranean,-blue sea, the pale 
gold,. curving beach, and along the shore road and the cliffs, its 
.• 
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hotels, pavilions and parks, for this is the watering place of the 
South Africans. It has a semi-tropical climate that rivals that of 
southern Florida, but with a mountainous background which far 
outdoes anything we have in the way of Florida scenery. On the 
streets are bright East Indians in colorful costumes and Zulu ricksha 
boys in full jungle regalia. They wear great head dresses of feathers 
with horns at their temples and hundreds of strings of beads with 
bracelets on their arms and legs. A visit a few miles out from the city 
to Zululand in the Valley of a Thousand Hills and you meet the Zulus 
in native surroundings, living in grass huts and almost devoid of 
clothes. An old rag and a few beads make a complete costume. 
At Durban, the interest in oil from coal seemed to be just as great 
as at Cape Town. This all seemed very surprising to me because 
we do not associate South African mining with coal, but rather with 
gold and diamonds, but I suppose that a country which produces 
half the gold of the world and nearly all the diamonds. gives little 
thought to them. They are too commonplace. It was amusing and 
rather surprising to have them quiz me about the bootlegging of 
coal in the anthracite region of Pennsylvania and I am afraid that 
my explanations left them a bit skeptical. They could not under-
stand why such an unlawful condition could be permitted. South 
Africa, due to the boom in gold, is quite prosperous. The mining 
industry is flourishing and with it almost everything else. 
While in Durban, I had an opportunity to inquire into the coal 
mining industry of South Africa. In 1937, the production of coal, as 
taken from the annual reports of the Department of Mines of the 
Union of South Africa, was 17 075 665 tons of 2000 lbs. each. The 
industry shows a steady increase in production from 1928, when the 
total was 13 896 444 tons. The coal is used principally by the rail-
roads and by the industries. Adjacent to the cities, I found up-to-
date power plants and the cost of power to the individual user was 
remarkably low, although in most cases the coal has to be trans-
ported a considerable distance. The quality of the coal is good, and 
where I was able to see it burned it was evidently a very satisfactory 
fuel. I had an opportunity to go over the annual reports of a 
number of the coal mining companies and I found that in general 
they were prosperous. This condition seemed to be brought about 
by the fact that the markets have been expanding and by the fact 
that they were all handled by a few sales agencies, eliminating com-
petition by individual companies. As nearly as I could tell, the 
arrangement of sales agencies had considerably the same effect as 
the plan that is developing in the United States the past few years, 
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that is, the plan under which the Appalachian Coals, Inc. was 
organized and which has generally become known as the Appalachian 
Plan in this country. By a group of coal operators in the same dis-
trict operating together through a central sales agency, the market 
is covered at a lower expense and the competition by individual 
companies eliminated. The reports of the mining companies in 
South Africa showed that they were not producing and selling 
nearly all the coal they were capable of producing, but, by controlling 
the sales, they were able to market the tonnage that the market 
would absorb at a profitable price. 
From a mining point of view, one of the most interesting things 
is the original diamond mine located just outside the city of 'Kim'-
berly. It was here that they first started to follow the diamond · 
bearing formation down into the ground, and in doing this they 
operated down as an open cut for a long time, and there stands today·· 
what is known as the "Big Hole," 3601 feet in depth, and the deepest 
ever dug by man. You can imagine the great difficulties trying to 
operate in such a hole and the attempt was abandoned. All the 
mines now are underground. 
South Africa is a fast growing, attractive country with almost 
unlimited possibilities for a mining man. 
India 
En route to India, we paid a brief visit to the Island of Mada-
gascar. There is a small amount of mining on this island, but it has 
none of the importance of our next stop--India. India, is, of course, 
a vast country under British control, and while there we made our 
headquarters at Bombay. The ship remained in the harbor of Bom-
bay while we took a two thousand-mile trip into the interior. 
Almost all the better-known minerals are mined in India. They 
have large iron and steel plants and a large coal industry, in addition 
to which gold, silver, nickel and many other metals are mined and 
produced. In looking over a map of the Indian coal fields, it reads 
almost like the advertisement of an Oriental rug deal~r-such names 
as Bokara, Karanpura, Kashmir, etc., abound. 
I was very much surprised at the size and importance of the coal 
industry of ~ndia. The total area of India is 1 800 000 square miles, 
made up of 1 100 000 square miles of territory in British provinces 
and 700 000 square miles belonging to the Indian states. British 
India is divided into fourteen provinces. Seven of these provinces 
are coal bearing and two of the native states are also coal bearing. 
The total area is approximately 350 000 square miles, which makes 
India the country with the fourth or fifth largest coal area in the 
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world. In spite of this large area of coal reserves, I find India 
very much concerned with the conservation of her coal, and it, seems 
that much of this coal is low grade and that the high grade coal 
reserves are limited. In 1935, Sir Lewis Fermor, Director of the 
Geological Survey of India, issued an official bulletin setting forth 
the results of a study made by his de'p·artment in an effort to secure 
accurate estimates of the country's coal resources. His report set 
forth that it concerns itself with the good quality coals and coking 
coal which at that time represented four-fifths or more of the coal 
being marketed. He stated that special attention must be paid 
to the grave warning of exhaustion of supplies and its effect on the 
country's industrial future, and the conclusion of the report was 
that at the then present rate of consumption and under the then 
present working conditions, the last ton of good quality coal will be 
mined in India one hundred years hence-perhaps sooner. It seems 
that we hardly need to worry about what will happen one hundred 
years from now, but it must be remembered that the total exhaustion 
takes pla<'.e then with no increase in consumption, so that long before 
one hundred years have passed, the possible production will be 
greatly reduced. I was much more impressed with this situation 
on learning that India possesses enormous supplies of iron ·ore of 
the very highest quality. The ore resources in two provinces, Behar 
and Orissa, are alone estimated to be 3 000 million tons and there are 
also vast quantities of iron ore in other parts of India. Only about 
one-third of the reserves of good quality coal is coking coal, so that 
the conservation of India's coal resources becomes a very definite 
industrial problem. 
The production of coal in India is about 26 000 000 tons a year. 
Almost all the coal is consumed at home, the largest recent year's 
exports being 350 000 tons. To offset this, there are imports of from 
50 000 to 100 000 tons per year, about one-half of which comes from 
South Africa. A large portion of the coal exports of India go to 
Ceylon. 
Coal mining in India is carried on both by means of drifts and 
shafts. While, as is generally the case, the greatest number of mines 
are drift mines, the average product.ion of the drift mines is very 
much less than that of the shaft mines, and by far the larger portion 
of the production comes from the shaft mines. Drift mines generally 
include the inferior grades of coal, while the deeper shaft mines 
produce the higher gr_ade coal, including the gas and coking coal. 
Some of the shafts are as deep as 1500 feet. It is interesting to note 
that most of the miners are agriculturalists who have become 
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experienced in mining, and the records show that agriculture seems 
to be their first love because, with a favorable monsoon, the miner 
gives his preference to farming, only working in the mines out of 
necessity when agriculture fails, with the result that in a good crop 
year miners are scarce and production suffers. Up until three years 
ago, the miner insisted that his wife and family should accompany 
him into the mines to assist him in his work, but the government 
has more recently passed some regulations restricting the use of 
female and child labor. This has had a material effect on the industry, 
because it is reported that previous to the legislation about 60 per 
cent of mining labor was performed by women. 
Transportation has also been a problem with the Indian coal 
mines, due to the fact that the movement of merchandise on the 
railways has been largely by small covered cars of about ten tons 
capacity. Some of the distances are great, and it is frequently im-
possible to handle the quantities offer~d with the small equipment 
available. Some steel hopper cars of forty tons capacity have been 
introduced and it is stated that a great many more will have to be 
added to be sufficient to handle the full production of the mines. 
There are many familiar notes about the coal industry of India 
to one from America. For example, the government has been 
investigating the industry and a member of the government- has 
stated the real trouble in the coal fields is in the inefficiency of the 
industry. Car shortages and transportation are generally com-
plained of; and the private owners are complaining about the col-
lieries developed by the railroads which have taken a large portion 
of their tonnage out of the commercial market. The railways of 
India use about 20 per cent of the annual total production, and a few 
years ago it was reported that almost one-half of this was produced 
in collieries owned and operated by the railways. 
In 1936 there started strenuous activities toward safety in the 
mines. This action was brought about by the disaster in the Poidih 
colliery where 209 lives were lost. 
India is also interested in obtaining oil from coal and has been 
working on and studying both the low temperature distillation 
method and the hydrogenation method. In addition to the hard 
coke that is produced for metallurgical purposes they have been 
producing almost one million tons of soft coke. 
In order to encourage and develop the export business, the 
Indian government has organized the Indian Coal Grading Board 
and propaganda with a view of popularizing the use of soft coke has 
been vigorously carried out. The Board has arranged to inspect it 
.• 
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at the collieries and is encouraging experiments for the manufacture 
of soft coke by improved methods. -The government also encourages 
the coal export trade by giving a rebate on coal exported to ports 
other than Indian ports. In the last few years there has been an 
increase in the number of mines using electricity and fo the number 
of mines using coal cutting machines, which indicates a trend toward 
mechanization. 
The trains on which we traveled were entirely operated with coal 
which I examined on the locomotives and on the cars at various 
points. It seemed to be an excellent quality, and while I did not 
visit any of the mines, I felt that I came away with a pretty good idea 
of the coals of India. The mining industry, as is perhaps true of all 
business in India, has had its ups and downs in recent years-very 
much as we have had in the United States, although I was informed 
that it was operating in 1938 on a little better basis than for a few 
years. · A representative. of one of the largest American automobile 
companies in India informed me that he understood some real 
progress was being made in parts of India in the use of solid fuel for 
the operation of trncks. He said he knew of a number of trucks 
that had been so equipped just previous to my visit, but he did not 
know any of the details as to how this was done. 
Our trip through India was most interesting and instructive, but 
very hot, dirty and dusty. I think we were all glad to move on to 
contrasting Ceylon, and what a contrast-a beautiful, green, attrac-
tive country with ample year-round rainfall. 
Ceylon is a small agricultural country, the principal products 
being tea and rice-therefore, the coal business is not of any impor-
tance, the chief consumer being the railways which use about 150 000 
tons per annum. This coal, at the time of my visit, was coming from 
India, although I was told that at times it is brought from other 
countries, depending on the competitive delivered price. 
Far East 
From Ceylon, we visited the Federated Malay States. In the 
Federated Malay States, the production of coal, or rather lignite, is 
all by one company, the Malayan Collieries, Ltd., in the state of 
Selangor. This company was organized in 1913 and its only com-
petitor ceased operations several years ago. I have been informed 
that the approximate analysis of the coal is: 
per cent 
l\Ioisture ................. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24. 34 
Volatile matter .......................................... c. 33.50, 
Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53. 18 
Ash.................................................... 1.62 
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Production has shown a very substantial increase in recent years. 
It increased from 250 000 tons in 1933 to 700 000 tons in 1937. About 
40 per cent of the production is consumed by the Federated Malay 
States railways and about one-fourth of the production by the tin 
mining industry. 
Tin mining is probably the most important industry, and cer-
tainly the most important mining industry in the States. The produc-
tion of tin, being controlled by a British syndicate, is from time to 
time restricted and this materially affects the coal industry. 
We stopped at Singapore, which is one of the cross roads of the 
world and there we saw peoples from all over the world, a city with a 
most cosmopolitan population. 
At Singapore, many of the ships that burn coal stop to be bunkered. 
This is an interesting process, as the coal is carried on board in 
baskets of about one hundred sixty pounds each by coolie labor. 
All of this bunker coal is imported. About one-third of it comes from 
Japan, the balance from a number of sources, such as Great Britain, 
India, and South Africa. 
The rubber cultivation and processing vied with the mixed popu-
lation for the place of greatesL interest. 
Here I also found an interest in coal hydrogenation. A bright, 
smart young reporter sprung that question on me very shortly after 
our arrival. I was at a loss to understand why all this interest until 
my questions, or you might say my interview of the reporter, brought 
out that he had some familiarity with what was being done by Japan 
in her efforts to make her independent of oil-producing nations. 
According to his story, Japan is going to find a way of satisfactorily 
producing her own oil and is strenuously endeavoring to do this from 
coal. Japan has some plants now in operation for the production of 
oil from coal, and I was to hear much more about this subject at 
Manila which we would visit soon. 
On our way to Manila, we stopped at Siam and French Indo-
China, both of which countries play an interesting part in the 
mining of the Far East. 
Bangkok in Siain is a place that I had often heard of, but I little 
dreamed that I would ever visit it. It is a rather difficult place to 
reach. Our ship anchored in the Menam River. We had then to 
embark on a smaller boat and go up thP river to Paknan where we 
took a train for Bangkok. This railroad is electrified, and the trains 
were very similar to the first electric suburban trains put into service 
in the eastern part of the United States. From the very first glance 
at this strange city, we were fascinated with the dwellings,· varying 
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from mud huts and tiny river sampans to the magnificent Throne 
Hall, with its splendor of marble and mosaics. In some sections of 
the city, narrow canals serve as streets, while in other sections, 
there are· imposing avenues filled with street cars, modern motor cars, 
bullock carts, rickshas and bicycles. In the architecture, there 
seemed to be a decided Chinese influence. There were great temples 
guarded by fierce looking statues, as magnificent and wonderful as 
the palaces in India, but entirely different. 
\Ve visited French Indo-China, anchoring at Tourane and pro-
ceeding from there by train through the rice paddies of the coast 
and up over the mountain rim, through a pass called "Gateway of 
Heaven," to the capital city, Hue. I must say that they are very 
generous with their names; for example, "River of Perfumes,'' on 
which the city is located, but then we may have an entirely different 
idea of what constitutes "perfume." "The Temple of Heaven" is 
another name that is a bit hard to understand. The royal palace 
and the temple are very interesting, but here again, we wondered 
about the name given to the beautiful gilded and lacquered "Palace 
of the Laws of Heaven." 
Although many things they are doing would look extremely smaII 
to us, it is quite interesting to note that there is a substantial an-
thracite coal industry in Indo-China. They have one of the most 
important anthracite coal deposits of the Far East .. The reserves 
have been estimated in the principal fields to reach a total of 12 
billion tons. This is a staggering reserve when we consider their 
annual production of about 17'2 million tons. 
There being little or no railway haul from the mines to the 
shipping points places Indo-China in a very favorable position for 
coal exports, and as the home needs are very small, the future of 
this industry is dependent on exports. We, in the United States, 
were shocked a couple of years ago to learn that coal was being 
shipped from Indo-China to Canada. 87 000 tons reached Canada 
in the year 1937. A small quantity of this coal was imported into 
Boston some time ago. The industry is located in the northern 
province of Tonkin and practically the entire production is anthra-
cite. The largest company is the Societe des Carbonage du Tokin 
which produces 60 to 70 per cent of the total for the country. The 
wages paid the miners are based on the price of rice, which is the 
principal item in the miner's diet. The largest exports are to Japan, 
and the next largest to China, and the only reason that much larger 
exports are not sent to North America is the high ocean freight rate. 
The coal is of excellent quality, reported to contain 3 to 5 per cent 
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ash and the cost of production to be froin $1.00 to $1.25, United 
States currency. 
Due to the war in China, our itinerary was planned to avoid both 
China and Japan, so that Hue was the closest we came, but we were 
informed by fellow passengers who have been to China, that the archi-
tecture and the peoples of the two countries are very much alike. 
Our next stop was at Manila. I think every traveler from the 
United States must look forward to a visit to the Philippine Islands. 
\Ve had been seeing colonies of the various major countries and we 
were all anxiously awaiting a look at a colony of our own and it was 
not the least bit disappointing. Manila is the capital and most im-
portant city of the Philippines and a very attractive city. Every-
thing was activity, people seemed to be full of "pep" and here was the 
only good ice cream soda since we left borne. We didn't exactly get 
an ice cream soda "jag," but we went to town on them. I think the 
stay at Manila was a high light in the trip for all passengers. 
I managed on the brief stop to learn considerable about the mining 
industry. More recently, gold has had quite a boom, although it 
seems that many of the mines are not turning out as well as had 
been first expected. I also found that among the industrial people 
coal 'vas a problem. It seems that they obtain most of their supply 
from Japan, there being only a very small tonnage mined in the 
Philippines. With Japan at war, the supplies were somewhat· un-
certain; and the costs had risen considerably. I talked with the 
head of the largest user of coal, as well as some other business men, 
and they stated they were anxious to see the coal industry in the 
Philippines developed, as they are now getting most of their coal 
requirements from the Japanese, and they are fearful that some war 
conditions may develop which will cut off the supply. They informed 
me that they are not very keen about the present source and that 
they have been investigating the possibility of getting coal from 
either Australia or the United States. 
I -learned a great deal about the Japanese situation while in 
Manila and particularly about her efforts to obtain an oil supply 
from coal. There seemed to be a prevailing fear of Japan among 
the people of Manila. They were greatly shocked at Japan's reaching 
out in China and felt that their nearness was a menace. They have 
been watching Japan's activities and were exceedingly well informed 
on what they were doing to obtain gasoline and oil from coal. Japan 
plans to push its synthetic oil industry until she becomes absolutely 
independent of other countries. In 1936 the Japanese government 
inaugurated a seven year program of research, development, and 
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subsidization which is intended to make Japan independent with 
respect to liquid fuels. According to the reports coming out of 
Japan, rapid advances have been made in the fulfillment of this 
program. An appropriation of 10 million yen was voted by the 
Japanese government for a plant to process 30 000 tons of gasoline 
per year which was to be constructed and operating in 1938. It was 
so planned that further units could be added to bring the capacity 
up to 100 000 tons in three years. There was organized the. Man-
churian Liquefaction Company, founded by the South Manchukuo 
Railroad and subsidized by the Japanese government and several 
large Japanese industrial concerns. She is reported to be building 
plants which are to eventually have a capacity of 1 500 000 tons. 
Similar plants to process Korean coal are also planned. It is gen-
erally believed that progress is not being made as rapidly as these 
reports would indicate, but there seems to be little question that 
Japan, following the lead of Great Britain, Germany, and Italy, 
is going ahead in a very big way. Three low temperature carboniza-
tion plants are reported to be operating as part of this program. 
A modern research laboratory has been established at the Imperial 
Research Institute of Tokio. This institute occupies eleven buildings, 
has a staff of about two hundred, and is well equipped for laboratory 
and large scale experiments. I came away from Manila feeling that 
the Japanese coal activities were among the most inportant being 
carried on in the world at this time. 
Australia.· 
We had to move on, and next visited the Dutch East Indies on 
our way to Australia. Coal is a very small factor in these countries 
under the control of Holland. They lie very close to the equator, 
so that the climate is always hot. There is little or no industry, and 
the use of coal is mostly confined to shipping, there being a small 
amount of bunkering of vessels. 
The Island of Java was most interesting, and seemed to be the 
market place for semi-precious stones, although we had been im-
portuned by jewel merchants at most of our stops in the Orient. 
Our stop at Bali was the high light in this group. We had heard 
so much about this beautiful island, about the unsophisticated, un-
spoiled population, and we found it just so. While, at Bali, they 
know just as well as we do that it pays to put the prettiest girls' 
pictures on the calendars or advertising, yet the people as a whole 
are a very happy, attractive; good looking race, and Bali has been 
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opened to world travel for su~h a short period of time that it has 
not been nearly so much commercialized as other countries. 
This small island rises very steeply from the sea, veiled, clad and 
adorned in vegetation of such surprising beauty that as you approach 
it, it almost seems unreal. There is practically no industry in Bali, 
wood carving having been for centuries a method of amusement or 
artistic expression. The procuring of a livelihood is so easy, tropical 
fruits grow everywhere, clothing is next to nothing, and the only 
work seems to be the cultivation of rice. As a matter of fact, in Bali, 
the whole life of the people centers around their religion. Their daily 
toil and duties arc so little that they seem to spend their time in 
religious ceremonies and-tranquil play. 
As you have probably noticed, we had been traveling relatively 
close to the equator for some time, but now we dropped away south 
into a more temperate climate, to visit Sydney, Australia. Australia 
is a great country with a large mining industry, and I found that in 
Sydney many of the American manufacturers of mining equipment 
and machinery were represented. A large list of minerals is found 
there in minablc quantities, including tin and tungsten. My in-
quiries developed the fact that they have had a great deal of labor 
difficulties, due to their unbalanced political situation about which 
we have read so much the past ten years. They seem to have over-
come a great deal of that difficulty and say that they are now getting 
to a much sounder basis, although they are on a very high wage level. 
Australia is a country that is almost the same size as the United 
States, but a large portion of the country is barren, or semi-barren, 
due to a deficiency in.rainfall, and a considerable area of it is known 
as the "Great Sandy Desert." The most important mining areas 
are in the southeastern section contiguous to Sydney. Both black 
coal and brown coal arc mined. The tonnage in the year 1936-37 
was 11 370 000 tons of black coal a'nd 3 100 000 tons of brown coal. 
There does not seem to have been any material change in the 
· tonnage produced in recent years, only the usual ups and downs 
brought about by business conditions. There has been a great deal 
of development in the use of Australian coals in pulverized form 
in the last few years, and that seems to be the outstanding recent 
development in the industry. The coals from the southern.fields of 
New South Wales grind very easily, but the coals from the western 
fields arc much harder and more difficult to grind. The quality of 
the coals seems to be generally good and they are reported to have fusi~g temperatures ranging from 2250 deg. to 2900 deg. F. The 
State Electric Commission of Victoria has carried on some experi-
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ments in the burning of brown coal in the pulverized form, and 
some time ago they erected an experimental plant, but this did not 
work out satisfactorily and they have gone back to burning the 
brown coal in stokers. The largest and most important pulverized 
coal-burning plants are now under construction. One known as the 
Bunnerang Extension will contain about four 350 000 lb. per hour 
boilers, producing steam at 650 lb. pressure, and the East Perth 
Station will contain three 135 000 lb. per hour boilers, operating 
at 650 lb. pressure. Aside from the development of powdered coal 
plants, the most interesting things in the industry seem to have been 
their labor difficulties and the unprofitable operation of numerous 
companies. 
We dropped on farther south to the city of Hobart on the Island 
of Tasmania, the southernmost part of Australia. We were there on 
the 19th of April and it was apple harvest time. Such a quantity 
of apples I have never seen. There were thousands of boxes of 
apples piled on the wharves ready for export shipment, and we spent 
a whole day driving through the country with apple orchards on 
every side. It was quite cool and we were told that they expected 
snow flurries any day. Apples in Tasmania and apple blossoms in 
America-an excellent demonstration of the opposite seasons north 
and south of the equator. 
\Ve went almost directly east from Tasmania to New Zealand. 
New Zealand is made up of two large islands. We sailed along the 
coast of the South Island and penetrated some distance in one of 
the Sounds. This beautiful scenery rivals that of the fjords of Nor-
way. We saw snow, ice and glacie~s. We then moved north to the 
city of Wellington on the North Island and left our ship for a few 
days train and automobile travel on land, rejoining our ship at 
Auckland. New Zealand is a beautiful country, has a considerable 
mining industry, mining all the coal for their own consumption and, 
in addition, gold, silver, and iron. 
New Zealand, being a small country, not thickly populated and 
having very few manufacturing industries, does not require a large 
amount of coal. The production for the last ten years has run about 
2 500 000 tons per year. The coal is of good quality. I examined 
it a number of places and found its appearance very much like the 
bituminous coal of the United States. It was very clean and burned 
with a minimum amount of clinkers-in fact, the few places where 
I was able to examine the ash from boilers, I found no pard clinkers. 
New Zealand is entirely in the control of a labor government and 
has instituted many new and novel social laws. The business people 
130 ILLINOIS ENGINEERING EXPERIMENT STATION 
that I talked to could not see any future for the coal business-in fact, 
they were very blue about the future of any kind of business. 
The cqal from the collieries is handled by the railroads in cars 
of twenty-five to thirty tons capacity. These cars are well adapted 
to the conditions of the country with its relatively short hauls. 
It would seem that the annual production of coal will continue about 
the same as it has been, there not being anything to bring about an 
increase or any material change. 
By far the chief industry is agriculture. The climate is so equable 
that they have pasture the year 'round and export large quantities 
of butter and frozen mutton, chiefly to England. 
Homeward Bound 
After we left New Zealand, we felt that we were very much on 
our way home. We had left our last country of any size and our last 
coal producer. 
We stopped at Suva in the Fiji Islands and witnessed the famous 
fire dancers do their dance on the red hot stones. From there we 
went to Hawaii, the gem of the Pacific, where we spent part of two 
days at Honolulu, and it really is a gem. I think everyone on our 
ship agreed that it was the most beautiful and attractive stop that 
we made on the entire cruise. The week's sail from Honolulu to 
California was all too short, and almost before we realized it, we 
were saying our farewells and preparing to land again in the United 
States of America. 
XIV. DOMESTIC STOKERS 
A. 0. DADY* 
When someone asked Benjamin Franklin what was the good of a 
new invention, he replied with a question, "What good is a new 
born babe?" And Faraday, proudly explaining to Gladstone his 
invention of the dynamo, answered a similar question with the. 
pungent retort, "Some day you can tax it,'' which would seem to 
make it an object of particular interest to any politician. 
The domestic stoker is not new born, but, while far from its 
majority, it is an infant of lusty growth. Maybe the fact that it is a 
child of the great depression has made it tough, and precocious. 
Certainly if it were not for the depression, its development would 
have been slower, for the small stoker industry, coasting along on a 
dwindling industrial market since 1929, had come almost to a full 
stop in 1932. Turning from industries which had no money to tp.e 
domestic market which still had a little to spend when it saw a bar-
gain, but which was determined to get full value for every cent spent, 
the stoker manufacturers offered this market the domestic stoker. 
Judged by t_he standards of today's product, these early products 
were crude but serviceable-so much so that the greater part of them 
still are in operation. In the six short years that have elapsed since 
then, there have been many developments, much refinement, both 
in the stoker, its controls and accessories, and in the technique of 
its application. · 
Those unacquainted with the real magnitude of the improve-
ments which have been made may say there is little difference be-
tween the earlier and the current designs. This is a compliment, not a 
criticism. The automobile of a decade ago also contained the same 
components, engine, transmission, chassis, etc., as does the 1939 
model. The difference lies in the refinement of each of the com-
ponents-the better correlation of the elementary parts, and is re-
flected in their greatly improved performance, convenience, and style. 
To mention only a few of the outstanding po.ints in which definite 
advance has been made in fundamentals, consider the coal-feeding 
mechanism, comprising the hopper, tube, feed screw, and retort. 
Hoppers today are better designed to prevent arching of coal and 
to feed the greater portions of their contents. Coal tubes are more 
generally designed to assure and maintain correct alignment and 
*David Bradley Manufacturing 'Yorks, Bradley, Illinois. 
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with clearaiices between screw a~d tube to reduce grinding and 
degradation. Screws with tapered hopper ends, or thickened hopper 
flights, increased pitch in tube, heavy or hardened discharge ends, 
also contribute to this result, and at the same time have permitted a 
considerable reduction in the power requirements for conveying 
the fuel. Retorts have been redesigned to give better distribution, 
less segregation of coal, minimization of coke trees, and almost 
complete elimination of coke trees. Tuyeres no longer produce any 
appreciable siftings into the windbox and, because of better cooling 
and air distribution, have increased life. Much work has been done 
on fans and the air system to reduce noise from this source, which 
became increasingly evident as other parts of the mechanism were 
quieted. 
Probably no part of the stoker proper has had more attention 
than air controls. Recognition of the fact that accurate regulation 
of the air supply to the fire was a prerequisite to good fire condition, 
trouble free operation, and high efficiency, stimulated development 
on automatic air control and has produced controls which are 
capable of maintaining good fuel beds at all times. 
Stoker transmissions of today are virtually trouble free, quiet, 
and dependable. There seems to be a tendency to use continuous 
feed types, which has been accentuated by the development of bin-
feed stokers where the ratchet type is handicapped in picking up the. 
load of long screws. Better air control has minimized the necessity 
for a multiplicity of coal feeds, which formerly was one of the prin-
cipal advantages of the ratchet type. 
The development of bin-feed stokers has kept pace with the 
demand, and there are now a number of types both in straight-line 
and angle-feed designs which are giving fine service. The demand 
for bin-feed stokers already represents an important and rapidly 
growing percentage of the total sales, but is of greater interest because 
of the assuredly greater place it will occupy when new home con-
struction becomes normal. 
This new home business is a field which distinctly needs cultiva-
tion. The stoker industry today is largely built on conversion jobs, 
which is an unsatisfactory and dangerous foundation for its con-
tinued prosperity. Do not overlook the fact that we have been 
converting boilers and furnaces designed for hand firing with coal. 
How are you going to convert equipment specifically designed for 
oil or gas? 
The speculative builder favors these competing fuels for two 
reasons. First, because the public has had a long and continuous 
.. 
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advertising propaganda on these as the essence of automatic heat, 
and second, because the original cost of such equipment is, in general, 
lower than its stoker-fired equivalent. 
The first obstacle can only be overcome by continuous and intel-
ligent cooperative advertising of the superior merit of automatic coal 
heat as compared with oil and gas. Some has been done. It must 
be continued and increased. Furthermore, there must be increasing 
contact with and education of architects, builders, and prospective 
home builders and buyers until they are sold on these advantages to 
the point of demanding stoker heat. This contact and education 
is largely in the hands of the stoker dealer at present. In general, 
he is not doing this part of his job well. 
The second objection, price, is rapidly disappearing. As long as 
the stoker business was small, business costs were inevitably high, 
partly because of small volume production, but more so because 
that small volume precluded designs and production methods and 
tooling which only are possible with large volume and line assembly. 
This volume has already been reached by some manufacturers, and 
the savings thus made are passed on to the customer, so that lower 
prices may bring still larger volume. 
Until very recently the oil and gas burner manufacturers were 
alone in offering boiler or furnace and burn.er combination units 
designed specifically for the type of burner installed therein, while 
the stoker was forced to adapt itself to the stock boiler or furnace 
designed for hand firing. It did a good job, but not as good as it 
can do and is doing with the new equipment designed particularly 
for stoker firing. 
It is not too much to say that a large part of the equipment 
designed for hand firing is obsolete for stoker firing in one or more 
of the following respects: Height of base desirable for stoker appli-
cation; provision for quick and economical stoker installation; size 
and location of doors to facilitate fire cleaning; design of combustion 
chamber and gas passages to take account of the difference -between 
stoker- and hand-fired conditions as regards radiant heat absorption 
and heat in the flue gases; size, proportions, and arrangement of grate 
area; provisions for trapping out fly ash and means for thorough and 
easy cleaning of all surfaces where such deposits lodge. 
With equipment designed for stoker firing good installation is 
automatically achieved through the coordination of the units. The 
ideal is a true unit construction with at least the burner end of the 
stoker unit built in.to the heat exchanger. Some already are available 
in the smaller sizes where the entire unit is contained in one housing. 
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The importance of developing such units to meet the demand of 
new home markets cannot be overestimated. The very dullness of 
this market at the present time is an opportunity to develop such 
equipment in readiness for the tremendous building revival which 
must be the greater because so long delayed. 
This new construction business is not to be had for the asking. 
Selling a stoker for a conversion job is relatively simple. The heating 
plant has been designed, installed, and usually more or less success-
fully operated for one or more heating seasons. A record of the fuel 
consumption, fairly accurate in most cases, is available. The sailing 
is smooth. You size the stoker on the basis of connected load, fuel 
consumption, or boiler size, and check the sizing by one or more of 
the other factors. There is little chance to go wrong if ordinary care 
and judgment are employed. 
But when you go out after the heating plant for a new job you 
will have to do some real figuring if you want to get it. Guessing 
won't get it. Guess too large and someone else will sell the job. 
Guess too small and you'll have trouble on your hands. 
Generally, you'll be handed a set of plans on which the heating 
system shows as a large blank space. Or, perhaps a location is shown 
for the furnace or boiler which may or may not be adequate or suit-
able for the equipment, or properly disposed with reference to the 
chimney and the coal bin, provided the latter is shown or a space 
provided for it. 
This is the situation as it is presented to you. What have you 
to do? The type of heating plant to be installed must be decided. 
Many times the owner has little knowledge of the relative advantages 
and disadvantages of the different types, and is undecided. In other 
cases, this decision will finally rest on the cost in spite of a previous 
desire for a different type. 
But prices cannot be quoted until a detailed study of the building 
has been made, and the heat loss from each room determined, so that 
· not only the size of the stoker, but of the boiler, piping system, and 
radiators on a steam or hot water job, or of the furnace blower, 
ducts and registers for a warm air system can be estimated. 
Methods of working out heat losses and the designing of either 
duct or piping system and radiators or registers have been well 
standardized, and are not difficult to handle with assurance. If the 
stoker dealer is to enjoy this business, he must prepare himself to 
·make such calculations, or to ally himself with competent heating 
men who can figure these jobs. Many times- the question has been 
asked by stoker dealers who have been contemplating going into the 
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sale of other heating equipment, whether there is not some short cut 
for figuring furnace and boiler size, that requires practically no 
calculation. The answer is "No." 
The class of engineering that was done on the heating systems 
twenty-five years ago no longer is acceptable to today's buyers. 
The public has been educated to expect good, uniform, and eco-
nomical heating, and if such a heating plant is installed as a result 
of "guess-timates" instead of by actually determining the require-
ments of the job, it is an accident and nothing else. 
We do not say that the stoker dealer will have to learn to do this 
job, but we do say that he will if he wants to get the business. Earlier 
it was mentioned that the technique of installing stokers had im-
proved along with the mechanical feature. Unfortunately, this is 
not universally true. We would say rather that there are many 
more good installations made now than used to be, but there are 
many installers who are oblivious to the progress of the art, and 
unfortunately many jobs are installed in a manner which is no 
credit to any one. 
A few years ago one of the large public utility companies inau-
gurated a campaign to wire old houses, many of which were at that 
time without wiring or with the very inadequate wiring of earlier 
date. One of the noticeable features of this very successful campaign 
was the comments which were made by many people upon the neat-
ness with which these workmen did their job. Installing wiring in 
an old house frequently involves cutting of plaster, removing base-
boards, etc., and invariably these men took precautions that the dirt 
they made did not get on the floor, or if it did, was not left there. 
The favorable reaction to this ordinary care undoubtedly was 
responsible for a large amount of unexpected contracts. 
In the same way a good installation will sell other stokers for a 
dealer as well as any salesman he can employ. It has been found by 
careful checking that satisfied customers are responsible for a very 
farge percentage of the new business which you get. Good installa-
tion really has two aspects. First, the design of the installation, 
that is, the relation between the stoker and the boiler or furnace with 
respect to height and volume of. combustion chamber, grate area 
clearance from doors, etc. The other aspect is the way in which the 
actual mechanical work is done. One is as important as the other. 
Many stokers have been removed in the past because the installa-
tion was wrong from an engineering viewpoint. And it is certain 
that as many were removed because the job was unsatisfactory as to 
workmanship, accessibility, or other reasons. I think that formerly 
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too much attention has been paid to the clear height from the stoker 
to the nearest heating surface and too little to heat release under 
maximum operating conditions. Certainly no one who is acquainted 
with the normal operation of a heating plant in a home can con-
sistently advocate designing the furnace for such an installation on 
the same basis as they would design a power plant installation that 
works at peak capacity when it operates at all. 
It is contended that in a boiler or furnace of the conventional type 
high heat release.is not necessarily accompanied by smoke or excessive 
fly ash, and that in many cases installing the stoker in a pit has 
resulted in a worse installation than if it had been set at grate level, 
because the necessity of providing protection for the bottom of the 
water leg has resulted in considerable reduction of grate area. This 
boosts the combustion rate, resulting in inability to burn lower grade 
coal, accentuates clinker trouble, .and makes the fire difficult to 
clean, and consequently poorly cleaned. Such installations are 
notorious for requiring excessive coal under light loads, and in many 
cases, also, have exceedingly high maintenance cost. 
The stoker industry has grown so rapidly that it has been deficient 
in well-trained man power, and still is. The new aspects of the in-
dustry make it more than ever imperative that the successful jobs 
must require of those having to do with the technical side of installa-
tion a degree of knowledge and understanding of the problem greater 
than has been the case in the past. 
It seems that the conclusion is inevitable that either the present 
sales forces must develop engineering ability, or the stoker manu-
facturers will look to other outlets which have shown themselves 
capable of developing the necessary skill to do an engineering job. 
The domestic stoker has been on the market only six years. What 
part it has played in the heating picture since is graphically shown 
in Fig. 1. For comparison we have taken gas-fired central heating 
plants, that is, either boilers or furnaces, and domestic oil burners. 
In 1931 there were no stokers sold; 118 000 gas-fired units and 86 000 
oil burners were marketed, or 1.37 gas to 1 oil. The next year the 
stoker came into the picture with 17 000 units against 57 000 gas 
and 80 000 oil burners. The ratio at this time was one stoker to 
3.35 gas units and one stoker to 4. 7 oil burners. Each year has shown 
a steady increase in sales of all three types of units, but with the 
gas burner·moving from first to second place, where it now is prac-
tically tied with the stoker. The total number of units sold in 1938 
was 91 000 stokers, 90 000 gas units, and 155 000 oil burners, the 
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Fm. 1. ANNUAL SALES oF DOMESTIC STOKERS, GAs HEATING PLANTS, 
AND OIL BURNERS, 1932-1938 
ratio thus becoming 1.01 stokers to one gas burner, and one stoker 
to 1. 71 oil burners. 
A noticeable feature of last year's picture was the decided chop 
in the oil burner sales as compared with that suffered by stokers and 
gas, both of which \vere slightly below the 1937 figures. 
The cumulative effect of these sales is sho'\vn on Fig. 2, which 
illustrates graphically the total number of units in use in the United 
States at the end of each year from 1932 to 1938. These figures are 
from the U. S. Department of Commerce statistics, and refer to the 
same units as shown in Fig. 1. 
The slope of the lines joining the ends of the bars gives us an 
indication Of whether one type of unit is gaining or losing as com-
pared with another. Figures show first, in thousands of units, the 
number of installations in operation, and second, the percentage of 
the total that each type of unit represents. In 1933 domestic stoker 
installations represented only 1.2 per cent of the total, gas burners 
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FIG. 2. TOTAL NUMBER OF STOKER, GAS, AND OIL-FIRED CENTRAL HEATING 
PLANTS IN USE AT END OF EACH YEAR, 1932-1938 . 
32.8 per cent and oil burners 66 per cent. By the end of 1938 stokers 
had accounted for a total percentage of 12.9 per cent, gas burners 
29 per cent and oil burners 58.1 per cent . 
. However, to really show the corresponding rates of change of 
these industries, the annual sales shown in Fig. 1 have been replotted 
in Fig. 3 on a semi-logarithmic basis, in which the slopes of the 
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curves are proportional to the rate of change in sales. It will be 
noted that the sale of gas units had a very sharp rise between l931 
and 1932, following the opening of natural gas pipe lines into -a 
number of large cities. It took a sharp drop in 1933 and 1934, and 
has not again reached the position it held in 1931. Oil burners fell off 
from 1928 to 1931, remained practically stationary during 1932, and 
began a climb which lasted until 1937, when sales again declined 
back to the 1936 level. 
Domestic stokers have no history previous to 1933, when they 
began an uninterrupted climb at about the same rate the gas equip-
ment was enjoying in 1929 and 1930. The rate of growth slowed up 
during 1937, which, however, was the peak for the industry's sales, 
these falling off slightly in 1938. In this figure another element has 
been shown, the oil-burning space heater which came into the picture 
about a year previous to the stoker. The increase in rate of growth 
of this new type of equipment (oil-burning space heaters) is very 
striking, sales in 1937 having reached nearly five hundred thousand 
units, falling to about three hundred and seventy thousand in 1938. 
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Frn. 4. PERCENTAGE OF ANNUAL SALES MADE EACH MoNTH 
Since these space heater units are primarily intended for small 
residences, it is interesting to note how their sales have climbed in a 
depression market. The development of stoker-fired units of this 
class has not yet had the attention it deserves. 
Just when does the stoker business come during the year? Figure 4 
shows seasonal variations in factory outputs. The dot and dash line 
represents the Department of Commerce average over a 12-year 
period, the solid black line the industry's average during a five-year 
period beginning in 1932, and the dot line and the dash line, respec-
tively, one manufacturer's maximum and minimum shipments during 
the same period. The striking similarity of these curves.is noticeable. 
As a matter of fact, this one manufacturer's average over the 5-year 
period was so close to the industry's average that it was impossible 
to plot it clearly on the same sheet. 
One of the lessons which we believe should be drawn from this 
picture is that stokers should be supplemented by other equipment to 
fill in the deep valley in sales which occurs every year. This applies 
both to manufacturers and to distributing units. 
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Perhaps Fig. 5, which shows these same data in a different form 
'will give a clearer picture of the marketing situation. It can be seen 
at a glance that August, September, and October account for slightly 
over 50 per cent of the whole year's business, while if June and 
November are added thereto, over 75 per cent is accounted for. That 
leaves five months during which something needs to be done to stim-
ulate sales if the maximum return from operations is expected. 
XV. TROUBLE SHOOTING ON DOMESTIC STOKERS 
H. E. WINKLER* 
I feel that the greatest interest and value from a presentation 
such as this comes from the open discussion which· should follow 
this presentation, since there are so many ramifications to the subject 
that can only be treated basically and in an elementary way. Open 
discussion of specific problems ought to produce the best treatment 
of the subject. 
"Trouble shooting" may be subdivided into four divisions, 
namely, electrical, mechanical, combustion, and perhaps a combina:-
tion of these. I cannot think of any other way to cover the subject 
broadly than to talk about various things which fall under these 
headings. 
Many of the matters discussed will be very elementary, but I have 
driven as far as 100 miles to find a fuse loose in a fuse-box, and 
almost as far to find that the owner had pulled a line switch on the 
wall, when the complaint was that the stoker would not run and the 
people were in dire need of. heat. So perhaps, these elementary 
things should be discussed. They form a very substantial part of 
service difficulties. 
Electrical Troubles 
The electrical part of trouble shooting can be divided into several 
classifications. 
Controls.-Perhaps controls would be. first. A control can be 
defective for any one of many reasons, but this is no time to discuss 
them. I cannot discuss the details of defective controls. However, 
should there be any, they must be corrected on the job by replace-
ment or by such repairs as would be necessary. In this connection, 
I would like to mention, before we go very far in this picture, that a 
3-cent stamp to the control manufacturer will bring a catalog and 
informati<;m; so, from a trouble-shooting angle, you can be fully 
equipped with knowledge which will be helpful. 
If controls are out of calibration, most of you know how to set 
them. If not, send for a catalog. Of course, this calibration matter 
does run into service calls. "Out of calibration" applies primarily 
to room thermostats and hot water limit controls. There are a very 
sizeable number of service calls from people who complain that the 
red stuff in the thermometer says 72 but the thermostat is set at 75. 
*Secretary,-U. S. l\:lachine Corporation, Lebanon, Indiana. 
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The discrepancy is not hard for us to understand, but, of course, 
we do not always realize the layman's position: I am reminded of 
an old saying, "It is always first night for the people in the first row." 
No matter how elementary it may be to you, and how unnecessary 
it would be that the thermometer and the thermostat setting coincide, 
it may mean a great deal to the man who purchased the stoker and 
who is not versed on the subject. 
There ar~ numerous errors in the installation of controls. I have 
seen cases where limit controls were wired incorrectly. They have 
been left out of the picture completely on one or two occasions. 
Any service originating from a demand for a limit control would 
be explained by this type of error. Again I would suggest that the 
control maker's catalog be read. If we would study the control 
maker's literature, we would understand what the circuits are and 
how the various units should be used, where they should be used, 
and what affects them, and so on. Therefore, rather than discuss the 
use of controls, I would 'rather say, "See the recommendations of the 
manufacturer." 
Holdfire switches sometimes do not operate. They usually have 
small electric motors, not too expensively built, and sometimes these 
motors fail. A quick check will reveal whether or not the electric 
motor in the holdfire switch is operating. The idea of this remark 
is to bring the matter of checking into the picture. Service trouble 
must be looked for systematically. 
Some controls have mercury contactor tubes. If mercury appears 
to be splattered all over the glass inside the tube, the tube is ruined. 
Sometimes the contactor points on relays weld together. This 
happens less frequently these days, although some years ago we saw 
quite a bit of it. 
A surprising number of loose connections develop in service. 
Loose connections in controls are due in the main to poor installa-
tion, or forgetfulness on the part of the installing electrician. Stokers 
frequently operate for some days, or perhaps for a long period of 
time, and then enough corrosion will develop to cause a loose con-
nection to give difficulty. Loose connections are rather difficult to 
find and the plan of approach is to run through each of the various 
connections. 
lViring.-Probably the next item to consider, in the matter of 
electrical service, is wiring. This includes the pulled line switch, 
and when we forget to throw it back up. There are not any _of us 
who have not done this, but in the case of Mrs. Murphy, who owns 
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a stoker, it is a service call because she is not able to find out what 
the trouble is. 
Burned out fuses frequently cause service calls. Usually a fuse 
burns out for some particular reason. Replacement only leads to 
another blow-out and it is well to locate the difficulty that caused 
the first fuse to blow. Fuses blow usually because of low voltage or 
because of under-capacity, although sometimes something unusual 
happens, shorts or otherwise. If fuses let go for any one reason, 
probably this will happen again for the same reason. Do not forget 
loose fuses. 
· 
Other difficulties arise from under-size wire or an overloaded line. 
Sometimes stokers are connected to the same line which carries 
electric ironers and electric washing machines, all of which makes 
wire size an item to be considered. · 
The starting torque of an electric motor falls off as the square 
of the depression in voltage. For instance, if the line voltage is 
80 per cent of normal, the motor starting torque would be only 
64 per cent of normal. This explains why small lines cause fuse and 
motor troubles. The current on the line is so greatly increased. 
There are many opportunities for short circuits; sometimes flooded 
basements; and, at other times, matters of improper electrical instal-
lation. These are all traceable if the difficulty is systematically 
investigated. 
An installation error which has been made several times, to my 
knowledge, comes from a staple driven through a low voltage wire 
to the thermostat, thereby breaking through the insulation. Vibra-
tion of the. building, originating from trucks or other traffic, would 
cause contact to be made at the point of the staple. This is fre-
quently a difficult error to find because the staple may be located at 
an inaccessible place. 
The possibilities for difficulties in a stoker installation are nu-
merous, and the intelligent way to approach them is to run each 
possibility down and then proceed to the next item on your list. 
Motor Troubles.-At times motor difficulties arise for which no 
reasons can be assigned. Motors go "haywire" because of insula-
tion breakdowns within themselves, or because bearings tie up, and 
so on. These, however, are not frequent. Reasons for motor diffi-
culties can usually be assigned. If the motor difficulty repeats itself 
twice, or more, the reason certainly can be assigned. If the motor 
fails to start because of too great a load, it represents poor stoker 
design. A motor of higher starting torque characteristics should have 
been used by the stoker manufacturer. 
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Of course, failure of motors to start may be due to something 
being wrong with the transmission, such ;is worn or damaged gear 
teeth, insufficient lubrication, or rust within the gear case. There are 
many reasons, but one of the most likely is low voltage at the motor 
caused by an overloaded line or an under-size line. 
Over-tight V belts may contribute to starting difficulties as well 
as motor bearing failures. V belts should not be as tight as a fiddle 
string. The belt tension may be checked by hand to see whether or 
not it is tight enough to transmit the starting torque of the motor. 
Radio interference sometimes requires considerable attention 
from a service angle. Here again it is suggested that a few cents be 
spent to get catalogs and information from the motor manufacturers. 
Keep this information in your kit or on your desk. Radio interference 
originates from arcing of brushes or switches which are improperly 
adjusted or worn out. The elimination of radio interference-should 
be according to the motor manufacturer's instructions. 
All motors should be equipped with thermal overload protection 
so that no matter what might develop, whether a tight bearing, low 
voltage or transmission failure, the motor cannot be damaged due 
to overheating. Thermal overload protection precludes complete 
destruction of the electric motor. When the motor becomes too hot, 
the current is automatically cut off. 
Mechanical Troubles 
The second classification in the stoker service problem comes 
under the heading of mechanical difficulties. These also are varied 
and many. 
Transmission Failures.-Transmission failures may originate from 
a score of sources-sheared pins, broken parts, worn out parts, 
rusted parts, cracked ball bearings, stuck valves, and so on. An 
intelligent approach should be made to find the difficulty, and in the 
case of a damaged transmission, it is usually poor psychology to do 
too much repairing in the basement. Ordinarily .a good job cannot 
be done in the basement. It is much better to make necessary 
repairs in your own shop. 
Noises from Operating Mechanism.-This is a frequent service 
complaint. Sometimes the stoker is just "too noisy." Many times 
about all you can do with this complaint is to say that you are sorry. 
However, loose pulleys or loose blower wheels may be rattling. 
r These, of course, must be found and tightened. I have seen several 
V belts which have become so dry that they squeaked as they ran 
over their pulleys. ·The noise was quite disconcerting. A little soap 
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on the sides of the belts was enough to stop the squeaks. At times 
there arc peculiar noises that come into the picture due to vibrations 
being transmitted from the stoker to the heating plant. 
If a vibration, originating from a stoker, has the same frequency 
as the natural frequency of the shell of a warm air furnace, then the 
furnace may drum, sing, or rattle. A good, crude way to stop this 
vibration is to put a dent in the shell. There is much to be done on 
stoker silencing at the time of installation. 
Sometimes there are pipes, or hot water coils, extending into the 
heating plant which vibrate synchronously with the vibration set up 
by the stoker drive mechanism. In these cases, it is necessary to 
change the natural period of the vibrating pipes. This is usually done 
by anchoring the pipes rigidly at some vibrating point. On occasion, 
solid conduit for electrical wiring is connected between the trans-
mission or motor, and a joist on the floor above, in such a way that 
there is a transmission of vibration and noise. In such cases, a 
flexible connection should be arranged. Obviously, if motors are 
mounted on rubber, the motors will try to flex and there should be no 
solid connections between electrical motors and walls or ceilings. 
Smoke Back from Hopper.-! feel that smoke coming back from a 
hopper is a mechanical difficulty because it represents either a design 
fault or the failure of something provided in the design to function 
as intended. Smoke should never escape from the hopper. Speaking 
primarily of the domestic stoker, the hopper should be air tight. 
I do not believe the man lives who can guarantee that a hopper will 
not smoke back unless it is air tight. You need only two or three 
smoke-backs to cause the owner to call the stoker a nuisance. The 
subsequent fear of smoke back puts a stoker in a poor position with 
its owner. No one can guarantee that the hopper will fill or partially 
fill. They all run empty, perhaps arch, and will smoke back unless 
there is a tight lid on the hopper. If you have complaints about 
smoke in the house, check the seal on the hopper. 
Stokers are usually built with auxiliary bypass passages leading 
from a high pressure point in the air system to the coal tube near the 
retort base. I consider such arrangements about 90 per cent perfect. 
The other 10 per cent would drive the stoker merchandiser crazy if 
he sold many stokers unless a tight lid is used. Check the hopper 
lid by slipping a piece of paper underneath this rubber seal and 
clamping it down. See that the seal grips the paper. 
Coal dust is not something about the size of a grain of sand, 
rather it is finely divided more like rice powder. Coal dust may be so 
·' 
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fine that it must be treated as a gas, not as a solid. The tiniest pin-
hole in the coal conveying system might be responsible for the escape 
of dust or smoke. Everything should be carefully sealed. 
Smoke Back from Fire Door.-This is a frequent complaint and 
one which usually disgusts the stoker service man most. Uncon-
sciously, the attitude is assumed that it is not the stoker's fault if 
the plant does not carry away t.he products of combustion. Strictly, 
it is a draft problem. Clogged up flues, leaks in the flue system, 
other openings in the chimney or a clogged up chimney must be 
causing the difficulty. Clean out and seal up everything and stop 
up any openings in the flue system which may have been added for 
hot water heaters or the like. All this assumes a stack of sufficient 
height, as is usually the case if the plant was ever successfully fired 
with coal by hand. 
Arching of Coal in Hopper.-A typical difficulty is the arching of 
coal in the stoker hopper. Arching is caused by wet coal, fine coal, 
or a hopper of miserable design. To stop arching, use drier coal with a 
larger percentage of coarse, or put an agitator inside the hopper. 
In my opinion, the most intelligent hopper design has vertical erids. 
If the ends of a hopper are slanted, as well as the sides, coal tends to 
arch in a spherical shape or dome. This is a strong engineering 
structure. When the hopper has vertical ends, the dome is reduced 
to a tunnel which has less mechanical strength. Generally, the use 
of an agitator does not entirely solve arching difficulties as the 
agitator brings down but little more coal. It seems only reasonable to 
expect that the coal man's responsibility is to deliver coal.sufficiently 
well prepared and sufficiently dry so that it will not arch. 
Combustion Troubles 
Combustion complaints are the most difficult to discuss but I will 
try to analyze some of these complaints and classify them. 
General Dissatisfaction.-Under this complaint might be included 
fires going out repeatedly, too much attention necessary, unsatis-
factory heating results, excessive fly-ash, "fill-ups" with coal, coke, 
or loose ash, "too dirty," etc. 
Let's assume that every stoker has a device on it to prevent fires 
from going out. There are two types of hold-fire switches; the timer 
and the stack temperature type. The timer type of hold-fire control 
is the most popular by far now, although some years ago it was 
something of a draw between the two types. Personally, for a 
number of reasons, I prefer the timer type. Naturally, if the clock 
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or hold-fire device is not functioning properly, there will be difficulty 
with "out" fires in mild weather. The hold-fire device may be, 
however, in proper working order yet may not be set right. 
There is a tendency to set the hold-fire device lower than neces-
sary in an attempt to avoid the possibility of over-heating. A certain 
minimum fire size is necessary, plant and coal considered. If there 
is a complaint of over-heating, when the hold-fire .control has been 
cut back as far as possible, the ariswer is an explanation to the 
owner that the increase in temperature cannot be helped. The use of 
barometric draft regulators on stubborn jobs is recommended. 
A valuable recommendation also is to instruct the owner not to 
clean the fire too frequently in mild weather and to avoid excessive 
stirring of the fire. It seems that the best conditions for holding 
fires is when the plant is reasonably full of ash which forms an 
insulating nest for the live coke. 
Coke trees, of course, are a small stoker problem. A deeper fire, 
and an accumulation of ash and clinker, which forms insulation which 
holds the heat, rather than permitting it to radiate freely, is definitely 
helpful. With a deeper fire, the distribution of air through the fire 
is better. One of the best corrective measures, however, from a 
service angle is to educate your user that coke trees in moderation 
are to be expected, and that the stoker does require a little attention 
because of them. This is sounder logic than to tell them that the 
coke trees should not exist.· 
Unsatisfactory heating results frequently can be traced to poor 
response to thermostatic demand. If the response is slow, the plant 
sometimes fills up with coke. The coal, rather than burning, is 
stored in coke trees. Sometimes this coke tree will rise to a con-
siderable height before it falls over and becomes ignited, thereby 
over-shooting the thermostat. This is particularly difficult in hot 
water plants which will not stand much over-shooting. Again, 
about all that can be done about coke trees is to give the fire plenty 
of air, break up the trees periodically, and let the ash accumulate 
in the fire. 
I am happy to say that we have a stoker in production that has a 
very marked effect in eliminating many of these coke tree disadvan-
tages. I rather imagine that in a year or two other manufacturers 
will be producing similar equipment which will tend to wipe out many 
of the small stoker difficulties which originate from coke trees. 
Fly-Ash.-The corrective measures for excessive fly-ash are. to 
run a deeper fire and to minimize the air to the fire. This trouble 
SHORT COURSE IN COAL UTILIZATION-1939 149 
cannot be entirely eliminated but it definitely can be reduced. 
• Sometimes excessive fly-ash originates from burning rubbish and 
paper. Paper-ash does not clinker. 
Failure to Clinker.-"How do you make this stuff clinker?" is 
another complaint. You coal men probably say the fusion point of 
the ash is too high. I have found other things worth considering 
in the picture. Modern thermostats, which operate on remarkably 
close differentials do not produce much difference in the temperature 
of the fire or size of the fire. I have noticed that in the old, high 
voltage thermostat days when we had thermostats of three or four 
degrees 'differential, coals clinkered much better. Modern thermo-
stats coast along without great increases in the temperature or size 
of the fire. The fire temperature is not above the temperature of the 
fusion point of the ash for long periods. 
I find also that day-night thermostats invite a loose ash condition. 
For example, consider a thermostat of the typical day-night arrange-
ment in which there are six or eight degrees differential between day 
and night settings. The stoker endeavors during the day to create 
a fire to handle that particular load. When night setting comes along, 
the load may be dropped 30 or 35 per cent depending upon what 
the outside temperature is. .In the morning, the stoker endeavors 
to bring the load back up to the daytime condition. It is something 
of a hide-and-go-seek proposition with the fire never quite right for 
the load. If the morning temperature is reached, there are long 
periods during the day when natural draft burns the large fire put in 
the plant to pick up the morning load. Natural draft does not make 
high temperatures and high temperatures are needed to make clinkers. 
"Too Dirty."-Dirtiness from a stoker is frequently a very honest 
complaint. They may be plenty dirty, but certain things can be 
done to make them cleaner. One thing is that clinkers do not have 
to be thrown on the floor. They might just as well be placed in an 
ash pail which has a close-fitting lid. Clinkers may be conveniently 
left in the plant until they cool off, thereby eliminating much of their 
dustiness. 
Stoker coal, of course, should be oil-treated so that the dust is 
completely eliminated. The owner should be instructed regarding the 
technique of handling clinkers and regarding the purchase of his coal 
to eliminate unnecessary mess arising from the use of his equipment. 
I know of stokers that are in operation in spotlessly clean base-
ments. The owners, of course, exercise care to avoid dirtiness. 
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Burning Too Much Coal.-Owners sometimes complain that they 
are burning too much coal in their stokers. This may be due to the 
inefficiency of the plant or the adjustment of the stoker, but more 
frequently is due to a misconception of what the owner has a right 
to expect. Excess air and excess natural draft are, for the most part, 
the causes for inefficiency. Plants loaded with fly-ash likewise are 
certain to be inefficient. 
An explanation to the owner in response to this type of complaint 
is helpful. The explanation should show that he is probably de-
veloping and using much more heat from his heating plant with the 
stoker than was ever done by hand firing. The building temperature 
need only be raised at an average of six or eight degrees to increase 
the average load on the heating plant 20 or 25 per cent. This conten-
tion fits almost every situation where a stoker replaces hand firing. 
General Remarks 
In setting dampers without instruments, to control natural draft, 
I have found that it is always well to open the fire door about two 
inches, with the stoker running, and then to adjust the damper in 
the stack so that smoke from a cigarette is barely drawn into the 
fire door. This approximates an ideal draft condition. 
I would encourage not too great a differential between day-night 
thermostat settings, at least to start with. 
I would encourage any stoker sales organization or installing 
organization to start each customer off with a decently operating 
coal so that he can learn that the stoker equipment is right to begin 
with, and that any subsequent troubles would be due to his changing 
to an unsatisfactory coal. 
In regard to the matter of owner training, or owner instruction, 
there seems to be widely diversified opinions on this subject. Many 
dealers say, "If we could only get our owners to let their stokers 
alone." These stoker people prefer to tell their customers nothing 
except how to fill the hopper and take out the clinkers. I usually 
elect to do otherwise, because the operation of a stoker is intriguing 
to most people and, if encouraged to look into the equipment, they 
will want to know all about it. Then, when they see the stoker man, 
they will tell him how to operate a stoker instead of the stoker man 
telling them. 
I have always felt that the matter of stoker firing is really simple, 
and while I leave out the things the operator need never know; I do 
try to tell him some of the things he should know. Every one has 
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built bonfires and has fired by hand. I think even the least well 
versed operator would understand that if he is getting too much un-
burned coal, he should either provide more air or less coal. If he is 
getting too low a fire, and considerable blowing, it should be apparent 
that he should provide either more coal or less air. 
If the operator is started off on that premise, it is a big help in 
the reduction of service calls for adjustments. 
XVI. WHAT FUEL ENGINEERING IS DOING FOR COAL 
ROBERT L. Row AN* 
What Is Fuel Engineering? 
This discussion will be restricted to Fuel Engineering, as it relates 
to solid fuel. Fuel engineering in its all inclusive term also includes 
the art and science of burning liquid and gaseous fuels. We will 
therefore term what we are discussing "Solid Fuel Engineering." 
Solid fuel engineering embraces a comprehensive knowledge of 
(1) Combustion phenomena of coal 
(2) Design and operati?g characteristics of fuel-burning equip-
ment 
(3) Mine preparation methods and equipment 
(4) Distribution, storage, handling methods. and equipment 
(5) Fuel resou~ces 
(6) Chemical and physical properties of coal 
(7) Performance characteristics of various kinds and qualities of 
coal in various types of fuel-burning equipment 
(8) Fuel sampling, analysis and calorimetry procedures 
(9) Laboratory testing methods 
(10) Test codes and test methods for fuel in various types of fuel-
burning equipment 
(11) Research activities in connection with coal and coal-burning 
equipment 
From the foregoing it is evident that it embraces (a) combustion 
engineering, which has to do with the knowledge of design and the 
technique of operation of fuel-burning equipment; (b) knowledge of 
the physical, burning, and chemical properties of coal produced from 
many different seams in various mining districts; (c) familiarity 
with the various laboratory determinations for many of the properties 
of coal; and, (d) familiarity with coal preparation practices and 
equipment, as they affect the various properties of coal. Fuel engi-
neering is thus seen to be one of the rather highly specialized branches 
of engineering, which embraces utilization, preparation and chem-
istry of fuel, and is thus a combination in part of mechanical, mining 
and chemical engineering. 
The Need for Fuel Engineering 
J. E. Tobey once said, "Fuel Engineering is a rudder that guides 
the heterogeneous fuels into their proper havens. The rudder is but 
*Fuel Engineer, General Coal Company, Philadelphia, Pennsylvania. 
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a small part of any ship, but shipbuilders, knowing its importance, 
never omit it." The proper application of coal to the various types 
of coal-consuming equipment is an engineering function. Therefore, 
successful coal merchandising and marketing methods require a 
knowledge of the engineering facts involved in the proper applica-
tion of coal. 
While the literature is being constantly added to, the status of 
fuel engineering is such that there are still great voids in this nebulous 
art. Therefore, to secure these facts, extensive field investigations 
are necessary. These investigations inevitably lead to the enrich-, 
ment of one's knowledge. The knowledge thus secured, along with 
the data supplied by the various laboratory determinations, can be 
interpreted so that a good deal of the mystery in connection with 
results secured in coal application can be cleared up, and predictions 
made which are valid in a high percentage of cases. 
Now, why should all this be necessary with coal? It is because 
the results secured with a given coal are influenced by a combination 
of the properties of the coal used and the plant equipment (its design· 
and condition or upkeep), methods of operation of such equipment, 
and character of load carried by the equipment. Plant equipment, 
methods of operation, and load conditions determine the properties 
of the coal that must be applied for satisfactory operating and 
economic results. If .the physical, chemical, and burning properties 
of all coal were identical, its selection evaluated by energy value 
would be quite simple, but the complex nature of coal accounts for 
. the multiplicity of designs of coal-burning equipment, and is respon-
sible for the variation in operating and economic results secured 
in its use. 
The word "Research" has been somewhat abused. Too many 
engineering investigations are afterward referred to as research. 
Research as such is not the function of fuel engineering. It is the 
function of the scientist and laboratory worker. The work of both 
fundamental and practical research is, however, of great help, and is 
accelerating the growth of the art and science of fuel engineering. 
In fact, the knowledge secured through research activities is m-
dispensable. 
The Functions of Fuel Engineering Within the Coal Industry 
Fuel engineering work is divided between the sales and producing 
departments, with an additional amount of activity that is not per-
tinent exclusively to either of these departments, but is quite neces-
sary if these departments are to secure the maximum Benefit that 
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they can and should receive. The following is a brief outline of what 
properly may be termed "Sales Department Activity": 
(a) Plant Surveys for Coal Application Purposes.-If a competent 
survey of equipment and conditions of operation is made for coal 
application purposes before a sale is made, and a recommendation 
is made to the sales department as to the proper kind and size of 
coal, an intelligent step has been taken in the merchandising methods 
pursued which should certainly result in more- satisfactory business 
relations, as such surveys and recommendations can generally, and 
will frequently, result in the elimination of unsatisfactory applications 
of a coal to the local conditions of operation, equipment, and load 
conditions. 
(b) Trial Tests of Coal.-Diplomatic and competent technical 
assistance to customers in conducting tests of trial shipments, so as 
to correctly appraise the operating and economic results possible 
with the coal under test, is an assistance and help to a customer and 
the sales department that can and should be of great value. It is 
of assistance to the customer because even though his operating 
personnel is thoroughly competent, the chances are they are un-
familiar with the particular coal, and considerable time can be saved 
by the advice and counsel of the engineer regarding its properties 
and characteristics. On the other hand, the maintenance of a record 
of all such tests and experience of customers showing the performance 
and economic worth of the different sizes of coal on different kinds 
of burning equipment and conditions of operation is of decided value 
to the supplier of coal. 
(c) Complaints.-It is the proper function of fuel engineering to 
make a technical investigation of customers' complaints on per-
formance and preparation of the coal so that corrective action may 
be taken either at the mines or at the plant burning the coal. 
(d) Technical Assistance to Customers.-Fuel engineering is at 
times of considerable assistance to customers in giving them advice 
in regard to correcting the design of existing equipment or the 
installation of new equipment. Specialized fuel engineering knowl-
edge should be utilized in regard to available fuels, their burning 
characteristics, etc. Such knowledge is of extreme value to customers 
in choosing certain designs of equipment. It can be truthfully said 
that many poor designs have serious limitations as to capacity or 
economy because fuel engineering knowledge had not been given due 
weight in the selection and installation of this equipment. 
It is not meant to imply by the foregoing remarks that this service 
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to the customer is in any way to supplant the work of the consulting 
engineer or representative of the equipment manufacturer. It should 
be a supplementary activity contributing to a comprehensive fuel 
survey, that should be made before decisions are reached, regarding 
new power plant equipment. Such comprehensive fuel surveys are, 
in all too many cases, not even considered necessary. The coopera-
tion of the consuming plant engineers, consulting engineer, the 
manufacturer of the equipment and the coal producer engineer 
should be an. effective safeguard against the installation of a plant 
which is definitely limited as to fuel selection, economical operation, 
and other desirable characteristics. Accurate knowledge of· the 
fuel situation of today as it applies to a given location, and the 
ability to wisely estimate its probable future trend, is a definite fuel 
engineering function and is the alpha of wisdom in the selection of 
fuel-burning equipment. 
(e) Technical Information to Sales Personnel.-While it is difficult 
to accomplish, the attempt should be made to keep the sales personnel 
constantly informed in regard to sound fuel engineering practice as 
well as basic data of physical, chemical and burning properties of 
various sizes and kinds of coal being marketed. This information 
can be supplied to the sales personnel in the form of loose-leaf data 
books, through the distribution from time to time of data in the 
form of graphs and articles of special interest, and by direct talks 
either in group meetings or individually. 
The following is a brief outline of what properly may be termed 
"Operating Department Activity." 
This has almost entirely to do with the preparation of coal as it 
effects its use value. The preparation of coal-that is, its cleaning 
and sizing-is quite apt to alter its burning as well as its chemical 
and physical properties. If fuel engineering study of the effect of · 
preparation upon these properties of coal during the field investiga~ 
tions, tests, etc., is properly ip.terpreted for the benefit of the pro-
duction department, the maximum realization and marketability of 
the coal can be materially helped. Constant study of the effect of 
preparation will furnish important data not only in anticipating 
marketing changes and requirements, but also will be of considerable 
value to the production department in the satisfactory selection and 
use of preparation equipment. · · 
In addition to these activities the functions of fuel engineering 
within the coal industry embraces s'ome of the following: 
It is generally true that there is a difference of viewpoint between 
the production and sales departments of most organizations. This 
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difference in viewpoint is quite understandable, because of differences 
of training, responsibility, and environment. The fuel engineering 
department is in a position to act as liaison between these depart-
ments. If this liaison is properly performed recommendations will 
be made to the sales department regarding the marketing of coal 
that will be within the realm of the physical and economical ability of 
the operating department. Recommendations will be made to the 
operating department regarding the preparation of coal that will 
produce products that have better saleability. 
~t is important that the fuel engineering department maintain 
contacts with burning equipment manufacturers, engineering so-
cieties, research and educational organizations, in order that it may 
keep informed of the changes in conditions that are rapidly taking 
place in the progress of fuel engineering. This activity is extremely 
important and should be encouraged wherever possible. This depart-
ment should also maintain proper records in regard to performance 
and worth of different grades of coal on different types of burning 
equipment. This information properly classified is of considerable 
statistical value in making the proper recommendations for coal 
application purposes, and to the operating department in connection 
with the preparation of coal. Nothing is so valuable in the applica-
tion of coal to a given set of conditions as an intimate knowledge 
of the manner in which the coal will behave in the furnace and the 
limitations actually experienced when burning it in different types 
of equipment. It takes no great amount of experience to know that 
such a classification of fuel as anthracite, bituminous, coke, etc., is 
not sufficient. Even a further detailed classification, such as Eastern 
bituminous, semi-bituminous, Mid-Western bituminous, etc., does 
not give sufficient information. 
With respect to product, experienced fuel engineers inevitably 
think in terms of 
(1) Caking or free burning characteristics 
(2) Rate of ignition 
(3) Moisture content 
(4) Ash softening temperature 
(5) Ash content 
(6) Volatile matter 
(7) B.t.u. content 
(8) Size 
(9) Grindability, etc. 
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With respect to plants they think in terms of 
(1) Heat liberation in the furnace 
(2) Burning rate per square foot of grate per hour 
(3) Fuel bed agitation 
(4) Clinkering 
(5) Tube slagging 
(6) Coal handling, etc. 
157 
These are samples of the details of knowledge of the fuel in relation 
to equipment and operation that must be considered for best results. 
The successful fuel engineer must persistently attempt to increase 
his knowledge of these factors, and is more than likely to consider 
each visit to a power plant as an added opportunity for study and 
investigation. All technical information in regard to coal laboratory 
tests and analytical data should be classified, so as to be readily 
available for use, this information being an effective tool for a clear 
understanding of the real character of the coal and its many variations. 
An outstanding example of what fuel engineering is doing for coal 
through the method of group or trade association activity, is the 
work of the Fuel Engineering Division of Appalachian Coals, Incor-
porated. This division has held some twenty-four meetings during 
the last four years. These conferences are attended by producing 
company fuel engineers, equipment manufacturers, industrial and 
utility engineers, and representatives of research and educational 
institutions. The quality of the technical literature furnished at 
these conferences has been of a high order. These conferences have 
received well merited praise from the engineering profession of the 
country. This division also promotes educational work among retail 
coal dealers, provides fuel consultant service to consumers, and 
conducts surveys regarding fuel consuming practices and equipment, 
along broad lines. 
Conclusion 
It has been estimated that America spends a billion dollars yearly 
for its steam coal alone, and that some two hundred million dollars 
are wasted, because of obsolete equipment, improper methods of 
operation, and improper selection of fuel. In the domestic heating 
field there is also need for much improvement, better efficiency and 
cleanliness, and particularly for more nearly automatic operation to 
meet the ever-increasing competition of liquid and gaseous fuels. 
Conditions can be materially improved through the wider appli-
cation of sound fuel engineering practices. Our technical knowledge 
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is being constantly extended through research, engineering investi-
gations, and the codification of this knowledge through laboratory 
and other test codes. Engineers for consuming industries, equip-
ment manufacturers, research and educational organizations are 
extensively working on fuel engineering problems. 
The increasing number of capable engineers devoting themselves 
to the practice of fuel engineering within and without the coal in-
dustry is a potent force in the development of this important branch 
of engineering. The experience, knowledge, and written contribu-
tions of engineers without the industry are of invaluable help and 
inspiration to fuel engineers within the industry in their never-ending 
task to make fuel engineering a more positively helpful agency in the 
marketing of this great natural source of energy. 
XVII. FUEL ENGINEERING SERVICE ON THE CHICAGO 
AND EASTERN ILLINOIS RAILROAD 
c. H. LAMMERS* 
You know there's romance in railroading, history, adventure, the 
development of an empire. Romance all tied up with the iron horse, 
the issuance of smoke and the hiss of steam. 
If one will take the time to visit the Rosenwald Museum in 
Chicago he will be interested in seeing some of the earliest types of 
locomotives built about a century ago-the type that pulled our 
grandparents away on their few and exciting trips. 
These old locomotives are surprising in their appearance, and 
amazing too it is to find that the boiler, the cab, the coal or wood 
tender, and the tank are in exactly the same positions as on the most 
modern engine. One. is astonished to see the method of water circu-
lation developed on these early types-crude, yes, but there, the 
nucleus for future perfecting. 
One thing stands out-the size. They were pygmy engines com-
pared to those of today, but then they had pygmy loads to haul. 
Those old engines weighed only a few tons, while our more modern 
locomotives and tenders have a gross weight up to four hundred tons. 
Don't misunderstand me. It has taken a tremendous amount of 
engineering and inventive ability to produce the iron monster of 
today. It's been a steady development, a process of evolution one 
might say-gaining little by. little as commerce grew and demanded 
more and more power to handle the loads and the distances. 
It would be interesting if one could see an accurate motion picture 
showing the changes in railroading year by year for the past century, 
each succeeding model having greater tractive effort per ton of weight. 
I don't know of any piece of machinery made by man that holds 
the fascination for people in general that a big powerful steam loco-
motive does. 
At about the turn of the century the railway engineers and supply 
people began to invent and manufacture new gadgets to increase 
speed, economize on fuel, and furnish more power. Of these many 
inventions I want to mention only those that are prominent and that 
directly improve combustion results. Outstanding among these are 
Superheater Grates and shakers 
Brick arch Feed water heaters 
Automatic fire door Ashpan changes 
Stokers Front end arrangement changes 
Circulators Syphons. 
•Fuel Service Engineer, C. & E. I. Railway Co., Chicago, Illinois. 
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The C. & E. I. Ry., like all railroads, has installed and tested and 
used these improvements as rapidly as they have come into general 
usage. Each and every one play their part in reducing the cost of 
operating trains. However, fuel savings depend likewise on many 
operating factors. 
(1) Improved design and construction of.locomotives 
· (2) Reduction in road delays 
(3) Increasing train lengths and tonnage 
(4) Round-house handling 
(5) Increased mileage per engine turn out 
(6) Scientific methods of firing. 
It requires constant cooperation of departments to obtain the 
maximum efficiency. How well this has been accomplished on our 
railroad is shown by a decrease in coal consumption per thousand 
gross ton miles of 34.9 per cent from 1923 through 1938. One is 
usually very much surpriRed when he secs the small chunk of coal 
(1.9 oz.) that is required to move a ton of freight or equipment one 
mile. This is the average for the Class 1 railroads of the United States, 
and all these railroads have made tremendous advances in fuel saving. 
An engine "popping off" for one minute will use 25 pounds of coal. 
Let us think of the importance of coal. The railroads of the 
United States purchase approximately 20 per cent of the coal mined, 
and, strangely enough, coal is also about 20 per cent of the total 
freight tonnage. 
About one-third of the entire expenditure by railroads for ma-
' terials arid supplies goes for fuel. It can readily be seen that in the 
purchase of such enormous amounts of fuel even a small percentage 
saving runs into huge sums. 
Mr. E. E. Ramey-fuel engineer of the B. & 0. R. R.-states that 
it requires about 1000 twenty-pound scoops of coal for each 100 miles 
of engine travel. He further states that if proper efforts are made it 
might be possible to save a scoop a mile. Now that doesn't seem like 
much-when you think of saving just a scoop a mile-but on the 
B. & 0. R. R. it means about a million dollars a year. That's worth 
saving, don't you think? 
On the C. & E. I. Ry. we have become fuel-saving conscious. 
What I mean is that there is cooperation among the mechanical, 
purchasing, and operating departments. The fuel inspector, the 
traveling fireman, the road foreman of engines, and the fuel service 
engineer are all vitally interested in working toward the reduction of 
coal tonnage and coal costs. In the past year we have changed 
completely our method of hand firing switch engines. 
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The first change was to put in modern grates with about 21 per 
cent of air opening. When this was accomplished we changed the 
fuel from sized coal to raw two-inch screenings "\Vhich have a slightly 
lower market price. Each fireman was personally instructed in the 
best method of firing which we found to be the horse-shoe bank. 
By this method we not only achieved a saving in cash, but we reduced 
· our smoke from twenty-five to fifty per cent. 
In the St. Louis area, where they pay a great deal of attention to 
smoke abatement a~d make inspections daily, the C. & E. I. Ry. was 
given top rating last month for elimination of smoke. 
\Ve are now engaged in making a moving picture of combustion 
on the C. & E. I. Ry. which J had hoped to have ready for this 
meeting. It will portray stoker operation on locomotives, fuel beds 
in both locomotives and stationary plants, and methods used for 
smoke elimination. 
The C. & E. I. Ry. feels that it has made a progressive move and 
is proud to be the first railroad in the West to open a fuel service 
department to aid the coal industry and be of help to the public at 
large in the solving of their fuel problems. Also, it is the object of 
this department to engage in research along combustion lines, and 
to pass on to the coal-using public all the information that might 
prove of service. This department has been in existence ten months, 
and maintains its headquarters and coal exhibit at 818 McCormick 
Building, Chicago, where you and your coal problems will be wel-
comed at any tiine. 
XVIII. SPREADER STOKERS AND THEIR PLACE 
IN THE PICTURE 
. E. L. BECKWITH* 
Last March I received a box of cracked apricot pits from Cali-
fornia with a letter asking if we could burn them on the spreader 
stoker. The kernels had been extracted so that the oil could be 
obtained from them, leaving only the crushed shells. The plant 
owner said that disposal of these pits was a serious problem, for they 
could not burn them fast enough in their boilers to supply steam for · 
the canning process, so had to pay to haul them away. They also had 
to run one boiler on oil to make up the deficiency in steam. 
The offal problem in many industries is an awful one. Just picture 
this plant. If they could not dispose of the pits, they would be 
engulfed in a pile of apricot pits before the season was half over so 
big that there would be no room left for apricots. Chemical analysis 
showed the pits had a heat value of 7900 B.t.u. per pound. One 
apricot pit, by the spreader process of stoking, can produce enough 
steam to can one apricot. No more fuel cost; no more disposal cost. 
A perfect balance in the apricot industry. 
There is a ,similar situation near here in a large corn' mill at 
~ Kankakee, Illinois, where during the summer season the mill runs 
on corn cobs, and in the winter on coal, and between seasons on both. 
Out in Cedar Rapids, Iowa, a breakfast food plant runs on oat hulls. 
All woodworking plants should. give immediate consideration to 
the spreader stoker, for it burns either dry wood refuse or coal. 
It can run on wood alone, or coal alone, or any combination of the 
two. Strangely enough, the plant owner seldom realizes that he gets 
a double saving. He gets the normal saving in coal the stoker makes 
over hand firing, but also, because the stoker burns the wood more 
efficiently, there is less coal required to make up the deficiency. 
Four years ago a large coal producer shipped us a quantity of 
48 mesh x 0 fines, removed by the dedusting process from their coal 
in order to make the coal more saleable in a highly competitive 
market. They were throwing away this "bug dust," filling nearby 
swamps with it. We ran a large Chicago office building with this 
refuse coal. Now the mines themselves are among the largest pur-
chasers of spreader stokers, which they use to burn their own un-
saleable refuse. One of the largest Pocahontas mines in West Vir-
*District Manager, Detroit Stoker Co., Chicago, Illinois. 
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ginia gets all its power from what is known as crushed bone running 
45 per cent ash, mine floor sweepings, bug dust from the undercutting 
machines,-all fuel formerly thrown on the dump. 
A well-known technical school takes advantage of the inherent 
ability of the spreader stoker to burn almost any kind of fuel by 
going out to the edge of town and hauling anthracite culm to their 
power plant. This culm is free: hauling cost is 35 cents per ton; net 
result, a coal cost per thousand pounds of steam of 2Yz cents. 
Around the Great Lakes, where coal is received by boat, spreader 
stokers are now burning most of the yard screenings available. The 
increasing use of domestic stokers, and other reasons, have greatly 
augmented the tonnage of fines below Yi6-in. or 7.4:-in. sizing. Most 
large yards screen out these fines from an ever increasing percentage 
of the tonnage handled by the yard. The sale of this bottom sizing 
is a problem. It must be sold cheaper than mine run, or nut, pea, 
or slack, but not enough cheaper to cut too deeply into the coal 
dealer's profit. Here the spreader stoker is the answer to a coal 
man's prayer. It makes little difference to this type of stoker 
whether the fines were screened from low volatile coal or high volatile 
gas coal. It makes little difference whether the coal is high in ash 
or low in ash, or whether it has a high or low point of fusion, provided 
it is burned in a properly-designed furnace on a good spreader stoker. 
The plant owner pays less for this coal, makes steam cheaper, and 
saves money. The coal man makes a profit where before there was 
a loss. We sell a stoker, make a profit, and give another man a job 
making a stoker. Gentlemen, this is the way to prosperity and don't 
let any politician tell you otherwise. 
The coal industry is going Hollywood. They are giving Old King 
Coal a series of beauty treatments, baths, rub-downs, facial oil. 
They take him apart and put him together again. They remove his 
gallstones and his pyrites. They dedust him, wash him and dry him 
off, streamline him, and send him to you cut down or built up to 
just the right size. All this treatment means one thing to the coal 
operators. They must find a market for the fines. How they go for 
the plant that has spreader stokers! Pity the poor purchasing agent 
of that plant, for the coal salesmen simply refuse to sell him anything 
larger than carbon. 
Carbon coal, screening coal up to 2-in. size with the fines left in, 
or just the fines alone, are all grist for the spreader mill. The spreader 
stoker takes the raw coal, whirls it into suspension, dedusts it inside 
the furnace, allows the fines to burn in suspension and spreads the 
heavier particles gently and evenly over the pin-hole-type controlled-
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draft grate. It spreads the coal far more evenly than Farmer Brown 
spreads his manure over the south forty acres from the back end of a 
whirligig wagon. Incidentally, the name "spreader" is but a polite 
shortening of the family name of its bucolic ancester. 
Some types of spreaders blow the fuel on with air or squirt it in 
with steam, some bat it in with paddles, like hitting flies to the 
outfield, some pitch it underhand, some throw overhand, but, if you 
ask me, I still prefer the good old farm method for putting it where it 
will do the most good. The thing that counts is the perfect spread. 
Regardless of the method used for feeding coal, all spreader 
stokers have one thing in common. They throw, whirl, or squirt the 
fuel into the air. They first put it all into suspension, so with all 
of them that portion of the coal fine enough burns in suspension. 
It is this suspension burning of fines that helps make this type 
machine more efficient. It is the fact that the bug dust has been 
removed from the heavier particles that makes for more efficient 
burning on the grate. 
It also means that there will be potential fly ash in the gas stream 
from the suspension burning. Let no one tell you their method of 
spreader stoking has no fly ash. They all start out with it on an 
equal basis. You can't ignore it or deny it. The question is what 
do you do about it. 
Objectionable fly ash can be engineered right out of the job. 
It seems to me that Rule 1, Page 1, is the use of an automatic overfire 
draft regulator in every case to hold the gas velocity at a minimum. 
This allows the greatest time interval for burning. A master fuel 
feed regulator and regulation of air supply is very important. There 
is no substitute for high-grade, complete co.mbustion control. 
A settling chamber somewhere within the boiler setting should be 
provided where the fly ash will be deposited, and from which it can 
be removed easily. Some installations will require the use of me-
chanical separators. Furnace volume, length of flame travel, pro-
vision for adequate overfire air, turbulence, grate design,· gas 
velocity, ratio of black surface, continuous return systems, all are 
vital factors in the successful application of spreader stokers. This 
is not an engineering treatise. I do not wish to bore you with engi-
neering details. I will leave that duty to your professors here at 
Illinois. What I wish to impress is that about the only objection 
to the spreader stoker, and practically the only sales argument used 
against it, is that of fly ash, and fly ash can be corrected by good 
engineering. 
This stoker allows the plant owner to burn the widest possible 
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range of fuels. He can take full advantage of the coal market, 
buying that coal which has the most B.t.u. per dollar, or that coal 
which produces steam at the lowest cost. In times of stress or strike or 
flood or war he can draw from any source of fuel supply, from Poca-
hontas to peat, or from coke breeze to Iowa real estate. If it will 
burn, the spreader stoker will burn it. This stoker is particularly 
suited to fluctuating load conditions. It responds instantly and 
automatically to sudden demands for steam, but, equally important, 
it lets go of a load just as quickly, because there is only a few minutes 
supply of fuel in the furnace at any time. Do you realize that the 
burning zone of coal is only about one inch thick on the grates? The 
fine ash builds up from below. The fresh coal is fed on top. Air for 
combustion is forced through the ash bed so that the grates are always 
. cool and the ash does not form large clinkers as with other methods 
of firing. 
For very light loads one or more sections of the grate can be shut 
off entirely. Boilers larger than 200 h.p. are usually fitted. with two 
or more feeders ·and corresponding grate sections. It is the same 
as having two or more complete independent stokers per boiler. 
They can run in unison for normal loads, or the grate surface can be 
cut in half for light loads. They can run on natural draft if necessary 
and, in emergency, can be hand fired. The plant stays in operation 
no matter what happens. 
No ignition arches are required. No brickwork over the top of 
the stoker to burn out. At cleaning or dumping times the fresh fuel 
ignites instantly from the heat in the furnace. Coal is burned up 
completely before cleaning, with less carbon in the ash, than by any 
former stoking method. Bank the fire just as you would a hand 
grate. Now let me make a startling statement. The spreader stoker 
with good combustion control can maintain as high a C02 as the 
furnace design will permit. In final analysis what more can you ask 
of a stoker? No wonder this well-controlled mode of firing is sweeping 
the country like wildfire. 
XIX. COAL SIZING 
JOSEPH HARRINGTON* 
We have always had coal sizing, but it is becoming progressively 
more refined and intelligent as its importance is better understood 
and appreciated. 
In the beginning, the lumps were loaded out and the fines thrown 
to one side or used as back-fill. As time passed, it was more con-
venient or economical to hoist all the coal, but the buckets were 
dumped on to an inclined grating and the fines fell through to be 
hauled away to the dump. In the case of anthracite, much of this 
fine coal was thrown into the rivers, to be carried down stream and 
form deposits in the quiet spots like sand-bars. In the course of time 
huge deposits were formed that are today being reclaimed as "river 
arithracite." 
With the bituminous coals of the middle west, the fines were con-
sidered as vastly inferior in quality to the lump, so ·much so, in fact, 
that for many years they were simply thrown away as worthless. 
As a matter of fact, the mining methods of those days were such 
that the fines did contain a lot of dirt. The clay and broken shale 
from floor and roof found its way into the "slack" in such quantities 
that it was truly a low grade fuel. 
The miners of those days, however, were paid only for the coarse 
coal they produced, so that there was a potent incentive on their 
part to keep down the amount of breakage. With fairly firm struc-
ture coal, the slack often was as low as 20 per cent. Later on, the 
demand for tonnage induced the use of machinery in the mine, and 
these loaders, with no· human discretion to govern them, went at the job rough shod. An appreciable amount of breakage thus occurred. 
Then the system of paying the miners changed. They received 
pay for the total coal mined, usually on a tonnage basis, so that they 
now tried· to load out as much as possible. The use of explosives 
of more powerful nature shattered the coal more and more, so that 
today the amount of coal under 2-inches in size often exceeds 50 per 
cent. Having in mind that no two coals are of exactly the same 
structure and hardness, and no two mines exactly the same in per-
sonnel, methods, or machinery, it will readily be seen that the per-
centage of the various sizes produced will never twice be alike. 
An oil burner designed for a light fluid oil would not be expected 
*Advisory Engineer, Northern Illinois Coal Corporation, Chicago, Illinois. 
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TABLE 1 
PERCENTAGE OF SIZES PRODUCED IN SOUTHERN ILLINOIS IN 1932 
Size Percentage Size Percentage 1936 Produced Produced Price per Ton 
Min.xOin. 27.33 71• in. x 0 in. 15.00 $1.00 
M in. x ~io in. 12.33 2.00 
l}i in. x 0 in. 40.74 l}i in. x %: in. 13.41 2.00 
2 in. xO in. 51.09 2 in. x l}i in. 10.35 2.00 
3 in. x 2 in. 12.44 2.25 
6 in. x 3 in. 22.51 2.60 
6 in. Lump 13.96 2.60 
Realization .•.•...•.................•.••..•...... · ...... $2 10 
to handle a heavy, viscous oil. A gas burner adjusted for 300 B.t.u. 
gas would have to be carefully readjusted if 1000 B.t.u. gas were to 
be used. Yet the mechanical stoker has heretofore been expected 
to handle any and every coal that happened to please the purchasing 
agent, whether it had 80 per cent of nut and 20 per cent of slack, 
or the reverse. Not only does coal of different sizes cause different 
amounts of draft loss, but the coking tendency is often affected by 
the proportion of fines. As if these were not enough, variation in 
the top and bottom sizes affects the loss in the ash-pit, the rapidity 
of ignition and the production of smoke. Other effects may occur 
to students of this subject, but these are enough to indicate the 
seriousness of the sizing problem. With the other fuels, one or two 
variables may be present to affect the result, but with coal six or 
eight are always to be considered, so it becomes a matter of major 
importance that the sizes be carefully controlled if the results are 
to be pre~icted. 
Another tremendously important fact is that coal undergoes a 
size change as it is transported, delivered, and handled. A product 
as bulky as coal and one which is handled in such vast quantities, 
must necessarily be moved around by mechanical means, which 
removes any possibility of special care. The loading of cars at the 
mine by adjustable booms might be said to be an exception to this 
rule, but even this device allows some fall and abrasion of the lumps. 
The rough ride in the freight car, followed by the usual dumping, 
shoveling and piling, results in a definite amount of breakage. This 
means a reduction in the size of the lumps and the production of fines. 
As a result, the coal-except perhaps the finer screenings-that 
left the mine one size, arrives at its destination another size. I know 
of no other product approximating the importance of coal that tinder-
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TABLE 2 
COMMON SIZE NAMES IN ILLINOIS AND INDIANA 
Size 
Plus 6 in ...••.•...•.•.....•••.... 
Plus 3 in ... ; •.................... 
Plus 2 in ........................ . 
Plus IY, in ..........•............ 
6 in. x 3 in ...................... . 
6 in. x2 m .......•..•...•........ 
6 in. x IY, in ............. : ......• 
3 in. x 2 in ...................... . 
3 in. x IY, in .................... . 
2 in. x IY, in .................... . 
IY, in. x %: in ................... . 
%: in. x 710-in. or % in ........... . 
71• in. or % in. x 0 in ... , ........ . 
2 in. x 0 in ...................... . 
IY, in. or I~ in. x 0 in ........... . 
%: in. x 0 in •................•.... 
2 in. x 71• in .•.•................. 
IY, in. x 71• in .•.•........... , ... 
I~ in. x 71• in .•••............... 
2 in. x? in ...................... , 
IY, in. x? in ................ ; ... . 
%: in. x? in ..................... . 
71• in. x IO Mesh ..•.............. 
71. in. x 48 Mesh ................ . 





Egg or :Furnace 
6-in. x 2-in. Egg 
6-in. x I Y,-in. Egg 
No.1 Nut 
3-in. x I Y,-in. Nut 
No. 2 Nut 
No. 3 Nut· 
No. 4 Nut 
No. 5 Carbon 
2-in. Screenings 
1~-in. or 1 U-in. Screenings 
%:-in. Screenings 
2-in. Special Stoker 
IY,-in. Special Stoker 
I ~-in. Special Stoker 
2-in. Dedusted Screenings 
IY,-in. Dedusted Screenings 
%:-in. Dedusted Screenings 
IO Mesh Carbon 
48 Mesh Carbon 
Apparent Future Usage 
Large lump 
Rapidly passing out of use 
Rapidly passing out of use 
llapidly passing out of use 
Furnace lump 
Rapidly passing out of use 
Rapidly passing out of use 
Small Egg 




No. 4 Nut or Pea coal 
Carbon 
2-in. Screenings 





2-in. Dedusted Screenings 
I Y,-in. Dedusted Screenings 
%:-in. Dedusted Screenings 
Buckwheat 
48 Mesh Carbon 
Since the development of coal washing and dedusting, operators have gone the limit in breaking down the finer sizes. 
% in. x IO Mesh } 71s in. x 10 Mesh % in. x 4 Mesh 
7io in. x 4 Mesh % in. x 28 Mesh Washed and unwashed 
;is in. x 28 Mesh 
% in. x 48 Mesh · 
7io in. x 48 Mesh 
10 Mesh x 0 l 28 Mesh x 0 Dust sizes 
48 Mesh x 0 
goes such a definite change in both physical and chemical attributes 
between the point of manufacture and the point of consumption. 
When a person buys an article for a specific use, he is concerned 
only with the fitness of the article for such use, at the time and at 
the place it is to be put into service. He has no interest in what 
happened to it during the process of manufacture. This fundamental 
concept is too often completely overlooked by those most concerned 
with the serious problem of consumer satisfaction. The magnitude 
of the changes that may come over a shipment of the larger sizes of 
coal suggests an intensive study of the whole problem of size as it 
affects mine realization, heat production, utilization equipment, and 
customer prejudices. 
Some day the exact effect of handling and shipping will be known 
to each producer. The requirements of the user will· be known1 so 
that the exact condition at point of origin can be determined, and a 
prescription written to describe it. 
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TABLE 3 
SIZE NAMES USED 'VITH ANTHRACITE 
Approved by Anthracite Institute 
Name 
Broken .••••.....•••.......... 


























Largest domestic size 
For larger fire pots 
Small heaters and kitchen ranges 
Same service if draft is good 
Smallest natural draft size 
Often called No. 2 Buckwheat 
Requires fan 
Often called No. 3 Buckwheat 
For forced blast stokers only 
It is appropriate at this point to comment on certain trade 
practices that eventually must .be changed. As illustration, one of 
the commonest sizes is 2-in. screenings, and one might think that 
this was a reasonably accurate description. It is the common under-
standing that 2-in. screenings is that portion of the mine product 
that passes through a screen having round holes therein 2 in. in 
diameter. Now it. is quite possible that the particular mine in 
question has a coal that naturally falls. into pieces either larger or 
smaller than this, so that there are comparatively few that about 
fit the hole. In this case there might easily be only a small per-
centage, say 10, of a size between 1~ in. and 2 in. This coal might 
then have the entire balance less than % in. in size, and of this a 
larger proportion might be less than ~ in. 
Taking another mine, perhaps equipped with different loading 
equipment and having a harder coal, the 2-in. screenings could have 
say 30 per cent of 2 in. x 1~ in., 40 per cent of 1~ in. x % in., and 
30 per cent of% in. x 0 in. Now I do not need to tell a coal salesman 
or a combustion engineer that these two fuels are entirely different, 
regardless of the label put on them by the shipper. They both may 
be billed out as 2-in. screenings, but that name means just about 
nothing to the utilization expert. 
I have gone to some length to illustrate this point, because it 
illustrates two very important thoughts:· first, the extreme .crudity 
and- looseness of the whole system of coal preparation that has 
obtained in the past, and second, the principle of basing coal sizes 
on the actual delivered size of the pieces and not upon the size of the 
hole through. which it may have fallen. The absurdity of the latter 
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will be seen when you recall that No. 5 carbon will pass through a 
2-in. hole, but that doesn't make it 2-in. screenings! 
Destructiye criticism without corrective suggestions is usually 
irritating and unprofitable. Therefore, this appears to be the time 
to come forward with a remedy. 
In describing the size of a coal, a certain tolerance is necessary. 
This results in the use of an upper: and lower limit, as is customary. 
The closer these limits are to each other, the less will be the range of 
sizes included in the group. In coal sizes the groupings must be such 
as to make the series continuous from largest to smallest; there must 
be enough to provide the fullest selection for all practical purposes; 
and each group must be of such size as to prevent segregation within 
the group. · 
My suggestion for such a size scheme is as follows: 
Plus 6 inch .............................................. No. 1 
6 in. x 3 in ............................. .- . . . . . . . . . . . . . . . . No. 2 
3 in. x 2 in ......................................•....... No. 3 
2 in. x 1~ in ............................................. No. 4 
1~ in. x !}4 in ............................................ No. 5 
!}4 in. x ~in ............................................ No. 6 ~ in. x 0 in ........................................ ~ . . . . . No. 7 
~ in. x Ys in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . No. 8 Ys in.· x 0 in ............•.................. : . . . . . .•. . . . . . . No. 9 
·Here are seven standard sizes with two subsizes of No. 7. Each 
size has upper and lower limits close enough together so that the 
pieces appear from a little distance to be all of one size. A load 
dumped on the ground shows no segregation. Neither is there any 
appreciable separation in bunker or stoker hopper. At the same 
time the sizes are sufficiently numerous and the differences so nicely 
graded that a change from one to another does not involve a radical 
change in handling or firing. 
A word as to segregation. This means a separation of dissimilar 
sizes when opportunity is given for gravity to act on those pieces 
large enough to flow or roll down an incline. It may be stated as 
a law that 
(a) Separation will not occur when the sizes are substantially 
equal 
(b) Separation will be minimized in a mixture of dissimilar sizes, 
if the smaller size is large enough to have individuality and be free 
of any packing quality. '-
The numbering system is merely a convenience in referring to a 
given size. While each size is given a number, it is possible to use 
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the system to indicate any upper or lower limit for a composite size. 
For example, what is generally known as 2-in. lump would be indi.:. 
cated by Number 13, that is, everything down to and including · 
2-in. coal. Mine Run would be No. 17. Stoker nut would be No. 56; 
for domestic use, No. 2, 3, or 4, or perhaps No. 24. It is assumed 
in this numbering system, that if an upper limit of 6-in. and a lower 
limit of 13i in. is desired, then everything in between is wanted. 
If perchance a special size is really needed, then specify No. 3-
40 per cent and No. 6-60 per cent, or any other combination at will. 
Does anyone question either the simplicity or flexibility of such a 
plan? The seven basic sizes would fit the majority of requirements. 
Ability to blend any two or more sizes in any proportion desired 
would let the producer.fill a prescription for a coal for any purpose. 
It it were found that a coal was degraded in shipment a certain 
amount, the percentage of the larger size would be increased with 
almost mathematical precision so as to obtain the desired result 
at destination. 
It would seem that competitive conditions would not seriously be 
disturbed by prescription coal. Cer'tainly the multitude of sizes now 
makes valuation difficult. In such cases as the'Illinois and Indiana 
mines, where adjacent properties produce different structure coals, 
the proportions of the constituent sizes have to be adjusted to secure 
delivered equality. 
While all size names are now based on the screen openings, there 
is a tacit recognition pf the importance of delivered sizes in the 
mind of the producer. If one producer adopts a 2-in. square mesh 
screen while his competitors cling to a 2-in. round hole, there is an 
instant reaction on the part of both buyer and competitor. The 
square hole will pass pieces distinctly larger than the round one, 
and. thus the proportion of the coarse sizes will be stepped up. 
Under the present system of coal valuation size largely dominates, 
so that the round-hole producers have to ship an actually larger size 
screening or lump in order that their customers may not think they 
are getting an inferior coal. Thus the whole picture is changed and 
endless confusion results. The whole system of size names must 
be modified. 
A similar condition arises when a preparation plant using round-
hole screens, continues to use them until the holes are worn into ovals. 
As the holes become worn, the size of the pieces passing through be-
comes larger, and again the character of the product changes. 
From the standpoint of the producer, as long as size dominates 
the price structure, this entails a distinct hardship, because the sub-
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stitution of square for round holes, or oval holes for round ones, lets 
more coarse coal fall through, robs a higher-priced classification of 
some of its tonnage, and depresses the average realization a distinct 
amount. It emphasizes the fallacy of the whole system of size naming 
by screen sizes at the mine, and also the still more basic error of 
considering size alone as the measure of value. 
This analysis would not be quite complete were I to overlook 
another variable in this matter of screen sizing. Mine screens are 
not merely plates with a lot of holes in them. Three important 
variables govern very decidedly the quality of the screened product. 
These are ' 
(1) The pitch or slope of the screen 
(2) The length of the screen 
(3) The rapidity of vibration of the screen. 
The effect of each of these upon the thoroughness of the screening 
process is too obvious to need explaining. The holes may be per-
fectly round, but unless all the other things are equal, the product 
may be anything desired. Taken in conjunction with the variable 
effect of hole shape, the whole m'atter of identifying coal sizes on the 
mine screen basis be'comes little short of absurd. 
The undue weight currently given to mere size in evaluating coals 
is one of those things destined to be changed in the near future. 
When domestic stokers become as common as automobiles, vacuum 
cleaners, and electric refrigerators-and that day is not far distant-
the market for lump coal will have largely disappeared, and with 
it the profitable part of the mine product. Then what will happen to 
"mine realization"? 
The obvious answer is that the whole system of size value must 
be scrapped and "quality-suitability" take its place. "Size" will 
disappear except as a detail in the fitting of the coal to the plant. 
If a man goes into a store for a pair of shoes, he selects them on the 
basis of quality and suitability to the service intended. Size does 
not affect the price. It is a mere incident in fitting the shoe to his 
foot. The type, color, and style are decided upon, but whether it is 
size 10 or size 12 has absolutely no effect upon what he pays for them. 
So it is with a domestic stoker coal. The things that really 
govern the selection are such things as ash quantity and quality, 
coking tendency and percentage of volatile. After these basic 
requirements are satisfied, a size is selected that will conform to the 
physical peculiarities of the stoker, just as the shoe conforms to the 
physical requirements of the foot. 
/ 
. 
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I can see nothing ahead but a system based on USE VALUE, with 
a sizing system controlled and determined by the necessity of fulfilling 
predetermined requirements as to furnace behavior. 
It is perfectly obvious that if the present higher priced sizes are 
discontinued, the lower priced sizes must be given a higher value. 
It is axiomatic that the mines cannot sell their product at less than 
the cost of production. Attempts to do so under the pressure of 
certain economic conditions has resulted in a high mortality among 
producing companies, and great distress to those who have b.een 
able to survive . 
. As the picture changes, I can see a leveling off of the price range, 
a decreasing demand and lowered price for lump coals, and increasing 
demand and price for the finer sizes, a price structure based on use 
value, a great improvement in utilization equipment, and a tremen-
dous refinement in our knowledge and understanding of how to 
prepare coal for its final use and its behavior while fulfilling its destiny 
as the world's safest, cheapest, and most dependable fuel. 

